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Howard was employed by the Seed Technology Laborato ry in 1966.
Unt il 1968 , he was assistant campus coordinator for the MSU /A ID Seed
Program Development contract in Brazil. From 1968 to 1970, he served
as Chief-of-Party for MSU/USAID technical assistance program in
Brazi 1.
At MSU, Howard taught Plant Breeding. His research involved
improving seed quality through plant genetics. He did pioneer work
with hardseededness in soybeans to reduce field weathering. He was
author/contributor to some 100 publications.
Howard was chosen Seedsman of the Year in Virginia in 1963;
was the recipient of the USAID Certification of Appreciation in 1974.
He was Chairman, Division C-4, American Society of Agronomy in
1975-76 . He was a member of Ganma Sigma Delta, Sigma Xi, American
Genetics Association, American Society of Agronomy, Southern Seedsme n•s Association, Association of Latin American Seed Specialists, and
Mississippi Section of ASA. He served on numerous conmittees at the
national, state and local level.
Through teaching, research and service (both national and
international), Dr. Potts contributed inmense ly to improving the
welfare of humanity. Through his loyalty and dedication to students
and facul ty at MSU, Dr. Potts made a great impact that wi 11 be
remembered and appreciated.
He made a difference!
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A CHALLENGE TO STEP AHEAD
C. Hunter Andrewsl
Stepping Ahead
Well, how many of you folks out there are farmers? Let me
give you some advice - I have first-hand word from my farmer friend
and neighbor that here in Miss. they are charging farmers with child
abuse - now I consider that to be serious - child abuse. And do you
know why? He was caught trying to give his farm to his children.
Well, thank you, Dr. Delouche, and greetings to each of you
here this morning. It is truly a pleasant experience to appear before
such a distinguished audience of seed specialists representing various
segments of state, regional, national and international seed industry.
As always you people in attendance at this Annual Short Course really
are the ones who make the program so successful.
For many of the past 34 Short Course Years, I have partici pated in some manner-first as a young aspiring student at MSU and
later as a staff member. However, this is my first time to appear
before this distinguished group in this particular slot on the
program. And believe me, I've been somewhat apprehensive about the
prospects.
Just what does an audience expect from a Keynote Speaker.
I
don't want to disappoint those of you who may be sitting on the edge
of your seat with anticipation expecting a briming cupful of profound
knowledge, optimism and solutions. On the other hand others of you
may be thinking that a good rain would do a lot more good particularly
after the next 45 minutes. However, I've found out that a keynote
address is designed to present issues of primary interest to an
assembly and often to arouse unity and enthusiasm. I wi 11 hasten to
say at this point in time that if anything is needed, it is in fact,
unity and enthusiasm. But unity and enthusiasm does not pay bills.
So, in trying to address these two issues I've decided to
first discuss my philosophy about where we've been and to offer a
little encouragement about where we are possibly going.
!professor and Agronomist, · Seed Technology Laboratory, Miss. State
University, Miss. State, MS .
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Secondly, I wish to show a few slides of 30 years of progress
and stepping ahead in the Seed Industry .
In talking to you this morning I'm reminded of my firm opinion
that good things come in small doses - or, more appropriate in this
case, a few well chosen words are sufficient. For example, Damn the
Torpedoes, Full Steam Ahead - I never met a man I didn't like - one
Small Step for Man- One Giant Step for Mankind. So, I tend to believe
that we remember brief messages a lot longer . So good things are
often spoken i n a very few words .
To illustrate this: a little story I heard a short while ago
which I think emphasizes this point that a lot of meaning can be said
with a very few words.
We 11 , enough fun - its time to move ahead - TO STEP AHEAD with our meeting. I •m here today to address our Short Course theme
- STEPPING AHEAD - or better yet stepping ahead in the seed industry.
Now, I find it somewhat difficult to step ahead without first
taking a look behind to see where I've been- or just where I'm coming
from in order to know if I am, in fact, stepping ahead.
In looking back, I find that I'm coming from a background in
seeds that has seen a number of significant steps ahead over the past
30 years. I've seen changes in cultural practices, harvesting, handling, drying, storage, processing- (I've even seen the step ahead in
changing the name from processing to conditioning) - treating (machines & materials), bags and bagging- and yes - even in economics
and marketing. Some steps have been rather abrupt - others somewhat
gradual and subtle .
To some people (unfortunately) these steps are meaningless and
immaterial because to them seed are just another agricultural input to
be bought where ever the "cheapest .. source may be. They seem to think
that seeds always were and always will be. Remember the lady's reply- - - "why at the super market, of course." To some people there is
little difference between SEED and GRAIN .
However, by your presence here today, your interest and enthusiasm, I know that each of you appreciate and realize the significance
of seeds - their role in successful agriculture and consequently the
need to step AHEAD with seeds .
Now, we must make a few assumptions when we make preparations
to step ahead in any venture .
For instance, I •m assuming that all of you know by now that
seeds are alive, that they exhibit a quality status and that they
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deteriorate and die within some prescribed time interval. These very
fundamental and basic concepts are vital to our stepping ahead
activities: (1) Seeds are alive (2) Seeds have a basic quality status
(3) Seeds deteriorate and die.
The length of a seed's life, however, can be influenced by how
it is produced, handled and marketed. In other words the sequence of
events that take place in a seed's life from the time of seed formation and development - which include exposure to frequent hazards of
production - throughout harvesting, handling, drying, conditioning,
storage, treating, bagging, transporting, marketing and finally
planting . These events, to a great extent, can be controlled by the
seedsmen - peop 1e such as each of you. You as seedsmen, with your
knowledge and perception of seeds and with your dedication to an
appreciation of seeds, have, no doubt, pledged to do all within your
power to prolong seed life and minimize effects of those events which
may shorten the 1ife of seeds. Your prompt and proper actions and
reactions and precautions in all phases of seed production and
handling indicate that you appreciate seeds and are dedicated to a
quality product- that is to seeds for planting purposes.
However, as human nature prevails, it becomes quite apparent
that many of us seem to forget the discussions and advice concerning
life and death of seeds - or maybe even the fundamentals and concepts
pertaining to seed quality. Therefore, a reminder may be periodically
appropriate to keep us infonmed and up-to-date. Maybe we should even
declare a SEED APPRECIATION DAY (or week) - a SEED AWARENESS week - as
is the case for so many other specia 1 events these days. Maybe we
should proclaim a special day just for Seeds in Agriculture.
Well, I am here today to seek from each of you a re-newed
commitment for seeds - a sense of awareness - appreciation - dedication - a sense of Stepping ahead in the Seed Industry .
In our society it is periodically appropriate to re-new,
re-dedicate, re-commit, or just plainly be reminded of our responsibilities, challenges, obligations and duties with which we address
certain issues. And remember, these few days we are gathered here to
re-examine, re-dedicate, re-commit ourselves to seeds. In other words
to commit ourselves to seed appreciation. I encourage each of you to
take this challenge and make this commitment. That's What I Call
Stepping Ahead.
Now, what's the good news in view of all the current adversity
and seemingly insunmountable bad news, those of you who do appreciate
good seeds and make the necessary commitment will, in my viewpoint, be
those few good seedsmen who survive. Those of you who are willing to
take a step ahead, who are good managers, good ~reducers, conditioners, etc. will become those who will be able to enjoy the new ideas,
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concepts, and practices which will rapidly become available over the
next few years.
So, how can each of you do this? First of all, I suggest that
most of you here today have a long history in the seed industry - production, certification, multiplication, quality control and evaluation, marketing, or some other chosen career in seeds. Otherwise , you
probably would be somewhere else today . Therefore, I challenge each
of you to seek out during these next few days those program topics and
areas which will benefit you most. Discuss and exchange ideas and
viewpoints with your friends and co-workers and then choose which
opportunities will enable you to gain the most benefit. And you can
then step ahead in your chosen profession. Now, let me reminisce for a
few minutes.
As I look back and attempt to reconstruct my own
personal steps ahead in seeds, I clearly remember my enro l lment in the
new Seed Technology Curriculum at MSU - one of its kind. Later, I
became associated with the Foundation Seed Program and had the great
opportunity to visit and work with the real seedsmen in Mississippi.
There is no doubt in my mind that this early experience and exposure
with the dedicated seed growers who were specialized in seed production made a lasting impression on me which is still remembered quite
vividly today. This was one of my first steps ahead in understanding
just what seeds mean to agriculture. Some of the basic ideas gained
from these dedicated seedsmen were passed along to seedsmen in other
states where I was invited to discuss seeds.
There have been some heartaches and numerous rewards from
working with seeds and in seed programs. However you may have judged
already that I'm still convinced that seeds deserve appreciation and
respect. Even each of my three kids made it to the State Science Fair
with seed projects. I feel that I have been stepping ahead for about
30 years.
I'm convinced that a few good Seedsmen will survive. I truly
hope that each of you wi 11 be one of the good seedsmen by stepping
ahead and meeting the challenges?
Let me leave you with a few ideas:
1.

Even if you are on the right track you will get run over
if you just sit there.

2.

If you want a short winter have your 1oan come due in
the spring.

3.

Always borrow money from a pessimist, he never expects
to be repaid.
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4.

It's a world of credit we live in, swing now - pay
later. I ran up a $1500 bill on my Diner's Club Card and
charged it to my American Express.
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SEED MATURITY INFLUENCES QUALITY
Charles

c.

Baskin1

The life of a seed begins with fertilization. At some point
in time - after fertilization and before physiological maturity - the
seed becomes capable of germination. This varies with the species.
Some grasses may be capable of germination within four to five days
after fertilization. Other species take longer. Wheat seeds have
been reported to be capable of some germination only five days after
anthesis (blooming). Sorghum seeds germinated 35%, 10 days after
anthesis; cotton 30%, 22 days after anthesis; and soybean 10%, 35 days
after anthesis. At initial germination, and for several days after,
seedlings are very weak and cannot sustain life except under the most
favorable condition. The capability of seeds to survive increases as
seed size and dry weight increase until it reaches physiological
maturity.
Losses in quality can occur during this period in the life of
the seeds. Insect damage, such as stinkbug damage in soybean, causes
a drastic reduction in germination. Todd and Turnipseed (2) found
soybean seeds with no stinkbug damage to emerge 86.5%, light stinkbug
damaged seeds emerged 69.5%, medium damaged seeds emerged 14.5%, heavy
damaged seeds emerged only 3.8%, and severely damaged seeds emerged
zero in field tests.
Application of certain herbicides can affect seed quality.
Again in soybean, 2,4-D herbicide applied during pod filling increased
abnormalities by as much as 64.3%. The application of dicamba during
flowering reduced emergence of seeds produced from 44 to 100%; when
applied during pod fill, results were very similar (3).
The application of 2, 4-D to cotton prior to complete maturation of the seeds greatly increases abnormal seedlings. Diseases,
particularly the viruses, can infest seeds during this time in the
1 i fe of the seeds.
Seedborne diseases are beyond the scope of this
paper. There are numerous publications on the subject. Seed Science
and Technology Volume 11, No. 3, 1983 contains the Proceedings of an
International Symposium on Seed Pathology.
lAgronomist, Seed Technology Laboratory, Mississippi State University,
Miss. State, MS.
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Weather can cause losses in seed quality prior to physiological maturity. In some years, corn seeds freeze before they mature.
Cool nights can cause immature seeds in cotton.
Physiological maturity is the "high point" i n the life of the
seeds. At this point, seeds attain max imum dry weight, maximum genmination and maximum vigor (Figu re 1). Fortunate ly, most seeds reach
this point in a good state of health most of the time.
At physiological maturity, seeds are quite high in moisture.
Seed moisture content will range from 30 to 60% at this point depending on the species (Figure 1). Few crops can be mechanically harvested at this point because of the high seed moisture. One exception
is corn. Corn can be harvested in the ear at approximately 35% seed
moistu re wi t ho ut risk of mechanical damage, then dried to a safe
moisture content before further conditioning.
Beginning at physiological maturity, seed quality begins to
decline. This decline (deterioration, aging, proceeding toward death)
cannot be reversed or stopped. It can be controlled (delayed, 1ife
extended) through manipulation of storage conditions. Cool, dry, or
frozen storage may extend the life of a seed for long periods.
However, eventually this decline culminates in death.
A second major point in the life of a seed is field maturity
(Figure 2). At this point, seeds are approximately 18 to 20% moisture. Seeds of many species can be harvested at this point with a
minimum amount of mechanical damage. Drying is necessary if harvest
is begun at this point.
Seeds harvested at f i eld maturity and
properly dried are generally high quality seeds.
Soybeans harvested
at 20% moisture and dried may genminate as high as 98% (1). Rice is a
crop that is traditionally harvested at 18 to 22% seed moisture and
dried. Seed quality in rice is generally not a problem.
Losses in quality are generally minor from physiological
maturity to field maturity. Insects can be a minor problem as can
disease except those transmitted into the seeds earlier. Deteri oration due to weather is very minimum.
Harvest maturity (Figure 2) is the point where seeds are
sufficiently dry for safe storage with little or no drying.
Seed
moisture content is generally 14% or less. There is a minimum amount
of mechanical damage when harvesting equipment is properly adjusted.
From field maturity to harvest maturity, weather is a primary
problem. Many of the seedborne diseases are acquired during this
period. Hi gh temperatures , high relative humidity and rainfall cause
fluctuation in seed moisture.
All of these factors culminate in
reductions in seed quality. If seeds can be harvested at the point of
harvest maturity, seed quality is usually good.
If adverse field
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conditions do not prevail, quality will 11 hold 11 for sometime. However,
in the humid regions of the wo r ld, often this time is short . In arid
regions, excessive seed drying can be a problem.
The relationship between field exposure and seed quality of
soybeans is illustrated in Tabl e 1.
Sunmary
The life of a seed begins when fertilization takes place. The
capability to germinate is attained prior to maturation. Seed quality
can be affected by insects, diseases and weather prior to maturity. At
physiological maturity, seeds reach maximum dry weight, germination
and vigor. At this point, seed moisture content is generally too high
for mechanical harvesting.
Beginning at physiological maturity,
quality begins to decline culminating at some point in time in death
of the seeds.
This declining process is irreversible bu.t can be
controlled.
Field maturity occurs when seeds are in the 20% moisture
range. They can be mechanically harvested at this point but must be
dried for safe storage. From physiological maturity to field maturity , insects, diseases and weathering are not genera 11 y a serious
problem . Seeds harvested at field maturity and properly dried are
generally high quality.
Harvest maturity occurs when seeds are sufficiently dry for
safe storage with little or no drying , in the range of 14% seed
moisture or less . From field maturity to harvest maturity, weathering
is a primary problem. Most externally borne diseases infest seeds
during this period . Loss of seed quality due to field exposure can be
severe. However, seeds harvested when harvest maturity is initially
reached are generally good quality.
Li terature Cited

Burdett, R. A. Jr. 1977. Effects of weathering on soybean (Glycine
max (L.) Merrill) seed quality . Dissertation (Ph.D.). Mississippi State University, Miss . State, MS.
Thompson, L. Jr. and D. B. Egli.
1973.
Evaluation of seedling
progeny of soybeans treated with 2,4-D, 2,4-DB and dicamba. J.
Weed Sci . 21(2), pp. 141-155.
Todd, J. W. and S. G. Turnipseed. 1974. Effects of southern green
stink bug damage on yield and quality of soybeans. J. of Econ.
Ent. 67(3) 421 - 426 .
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Table 1.
Date of
Harvesta
9/15
9/22
9/29
10/06b
10/13
10/2ob
10/27
11/03b

Effect of weathering on moisture content (M.C.) and germinatio n of seeds of the Hill and Bragg soybean varieties.
M.C.
26
13
17
20
11

19
12
14

Hi 11
Germination%

96
97
78
76
71
53
37

11/10
11/17b

11/24b
12/01
12/08
12/15b

M.C.

26
18
13
14
12
20
13
15
11

14

Bragg
Germination %

98
98
93
92
92
89
86
87
84
84

aseeds are hand harvested and threshed, then cleaned with hand screens
and aspirator before germi natio n test.
bone or more before germi natio n test .
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CURRENT STATUS AND FUTURE PROSPECTS
OF ARTIFICIAL SEEDS
JoAnn A. Fujii, David Slade, and Keith Redenbaugh!
Introduction
The main concept of artificial seeds is to deliver tissuecultured plants to the greenhouse or field environment.
While
mi cro-propagation techniques allow for mass propagation and cloning of
selected plants, the cloned plantlets must be acclimated prior to
i ntroduction into ·the greenhouse or field.
With artificial seeds,
somatic embryos produced through tissue culture can be directly
delivered to the soil environment without the formation of transplants
which may require an acclimation step prior to field planting. This
would allow for the distribution of clonal elite plant material
without the laborious and expensive task of transplant production. The
use of artificial seeds could decrease the cost of tissue-cultured
material by providing a channel for the introduction of novel plants
that cannot be distributed using botanic seeds.
The agricultural
impact of such a delivery system would be extensive as it would
interface emerging cell biology/tissue culture technology with
greenhouse/field production systems.
Artificial seeds, in the truest definition, consist of single
somatic embryos in a protective coating that mimic the size and shape
of true seeds.
In this discussion we will focus on the general
concepts of artificial seeds for the mass propagation and delivery of
plants.
In reviewing the current status and future prospects of
artificial seed technology, we will begin with an overview of the
future followed by a discussion of the current status, which is
heavily driven by anticipated future benefits of the system.
A
discussion of the types of artificial seed systems currently under
research and the productions and components of a hydrated artificial
seed system will be reviewed using, as a model, the alfalfa artificial
seed system developed at Plant Genetics, Inc . We will conclude with a
review of what we've learned about artificial seeds thus far and what
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issues need further focus to achieve a viable corrmercial artificial
seed system.
Background
The artificial seed concept was first discussed in the early
to mid-1970 1 S .
However, it was not until 1979-1980 that data were
published on utilizing somatic embryos i n an artificial seed delivery
system (Drew, 1979; Kitto and Janick, 1980).
The potential benefits of using an artificial seed propagation
system are numerous (Table 1). As we continue to make progress in
artificial seed research, we will have a clearer focus on which
characteristics are most essential for a successful system. Although
the list of benefits for using artificial seeds is substantial, the
corrmercial potential of the system will rely heavily on the specific
value of the propagated crop and the cost of competing products and
technologies. The potential use of artificial seeds will also depend
on technological developments in other plant science areas, such as
the development of superior crop 1ines through genetic engineering.
However, we can currently identify some examples of crops that have
potential to benefit greatly from an artificial seed system (Table 2).
These examples are focused on markets where true seeds are unavailable
and a high cost per artificial seed could, therefore, be supported by
market demand.
While an artificial seed system would be useful in various
crop situations, there are many technological problems that need to be
overcome (Table 3).
The issue of somaclonal variation, which is
plant-to-plant variation due to in vitro culture, is a major obstacle
for crops where uniformity is extremely important (D 1 Amato, 1978).
Even after the target crop is identified, the somatic embryogenesis is
often not understood or well characterized as, i n general, the control
and regulat ion of most somatic embryogenesis processes have not been
obtained. To bypass many of these problems, investigators have chosen
to use model crops that possess a well-defined and controllable
somatic embryogenesis system but do not possess any corrmercial value
for propagation through an artifi cia 1 seed system. Therefore, most,
if not all, artificial seed development has been conducted using
species that do not have a directly corrmerciable artificial seed
system, such as with carrot and alfalfa. Although these model systems
will not lead directly to salable products, they will provide evidence
for proof-of-concept and, therefore, stimulate continued support for
research.
Additional potential drawbacks for artificial seeds include
the consistent and predictable production of vigorous somatic embryos,
which are essential for the recovery of viable plants. Currently very
little is understood about the in vitro conditions that control and
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Table 1.

Potential benefits of an artificial seed delivery system.

Rapid propagation of desirable crop lines
Genetic unifonmity of plants
Direct delivery of tissue cultured plants to the field , thus
eliminating transplant propagule
Deliver genetically unique genotypes, such as genetica l ly engineered plant lines, genotypes which cannot be propagated by seed,
hybrids where no cost effective product i on system exists, and
meiotically unstable genotypes
Deliver sexua l ly sterile crops
Reduce cost of vegetatively propagated elite lines
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Table 2.

Crops that may benefit from an artificial seed delivery
system.

Hybrid rice
Requires rapid propagation of new F1 hybrids
Potato
Due to genetic instability, true seeds are not used for
propagation
Propagation is by cut tuber pieces that are prone to disease
infection
Low storability of tuber pieces a major problem in tropical
regions
Geraniums
True seed costs are
propagated

high and

is currently vegetatively

European seedless cucumber
True seeds are expensive (27 cents/seed)
Garlic
Currently vegetatively propagated using cloves. There is a
high carryover of virus and nematodes to subsequent generations.
Gerbera Daisy
High cost of seeds (14 cent/seed)
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Table 3.

Potential drawbacks of artificial seeds .

Somaclonal variation
High levels of somaclonal variation reported in various crops
with very little understanding of factors that reduce variation
Embryo quality and vigor
Lack of understanding and control over somatic embryo quality
and subsequent plant vigor
Somatic embryogenesis in desirable genotypes
Lack of controlled, well-defined somatic embryogenesis
high-value, commercial plant lines

in

Artificial seed storage
Lack of knowledge on storability and maintenance of viability
of somatic embryos over extended periods
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promote the production of high quality embryos. Also, the conditions
that rna i nta in embryo vigor, even through 1ong storage periods, have
not been addressed.
Current Status

Types of Artificial Seed Systems
There are four types of artificial seed systems currently
under research. These systems range from hydrated embryos in a gel
capsule or a fluid drilling matrix, to desiccated embryos in a dried
wafer (Figure 1). Each artificial seed system has specific advantages
and disadvantages inherent in the system. The hydrated embryo encapsulation system, consisting of a single somatic embryo in a gel
capsule, may be the most useful for the delivery of single embryos in
crops that need to be precision planted. However, the singulation and
encapsulation process needs to be automated and this may pose a
technical hurdle.
Fluid drilling allows for the mass handling of
large quantities of embryos, yet fluid drilling is unsuitable for
precision planted crops and special fl uid drilling planters must be
used . Desiccated somatic seeds allow for ease of storage and transport but require additional desiccatio n steps beyond the hydrated
embryo systems . Although the physical appearance of each artificial
seed system has differed greatly, the corrrnon research goa 1 is to
efficiently deliver somatic embryos to the germination environment and
to recover whole plants from those embryos. Achieving this goal will
require research into both somatic embryogenesis and embryo coating
materials. The most important aspect of the artificial seed system
may be the interaction between these two research areas to form a
artificial seed system.
The current literature on artificial seed research reflects a
strong bias towards viewing artificial seed development as a basic
research investigation . By approaching artificial seed development in
this manner, many investigators have not addressed issues relating to
corrrnercialization. Most investigators have not begun to estimate the
efficiency of the propagation method.
A mass balance calculation
would be essential to estimate the output of number of plants per unit
input of grams of plant tissue.
Many investigators have also not
begun testing the artificial seed system under production-like
conditions such as soil germination in the greenhouse or field.
Failure to anticipate how artificial seeds may fit into existing
corrrnercial operations, such as in transplant production and mechanization in greenhouses, could hinder the use of artificial seeds by
adding additional equipment costs or modifications to the greenhouse
conditions .
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Thus, whi 1e there is a need to focus on specific aspects of
artificial seed development (somatic embryogeny, coating or encapsulation for delivery, recovery of plants in soil, etc.), integration of
all aspects of artificial seeds is crucial if a commercially feasible
product is to be obtained.
Process of Somatic Embryogenesis
Somatic embryos can be produced from various parts of plants.
Through the use of plant hormones and specific nutrients, these plant
parts can be induced to form unorganized cell clusters or callus.
Additional hormone treatments will further induce the callus to form
somatic embryos. The somatic embryos produced through cell culture are
developmentally and biochemically similar to zygotic embryos.
The research efforts on alfalfa at Plant Genetics, Inc. have
focused on a line of alfalfa that was selected for a high level of
somatic embryo production. This alfalfa line has served as a good
model system to study not only the somatic embryogenesis process but
also to develop the encapsulation and artificial seed planting
methods. This alfalfa line produces "high-quality" somatic embryos
which are not only morphologically normal but also produce a high
percentage of normal plants. The quality of an embryo is, thus, an
assessment of both embryo appearance as well as the vigor of the
plantlet formed from the embryo. By using strict criteria to evaluate
the somatic embryogenesis system, we have optimized our system for
both the production of a high number of embryos as well as a high
level of conversion of the somatic embryos to plants.
Through identification of medium additives during various
stages of alfalfa somatic embryogeny, somatic embryo development
(size) and ability to form normal plants in vitro has increased
(Stuart and Strickland, 1984a b) ·
In addition, numbers of somatic
embryos regenerated per gram callus were significantly increased. The
improvements in alfalfa embryo quality resulting from embryogenesis
research during 1982-1985 are evidenced by increased frequency of
recovery of whole plants, from less than 0.5% recovery in 1982 to
50-60% in 1985 (Redenbaugh, et al. 1986a). The consistent recovery of
50-60% whole plants was a--consequence of the increased level of
understanding and control over the somatic embryogenesis process in
alfalfa.
Production of Hydrated Artificial Seeds
Artificial seed research at Plant Genetics, Inc. has focused
on using a hydrated delivery system for somatic embryos. Two patents
for the encapsulation of meristematic tissue, such as somatic embryos
and shoots, in hydrated gels and gels containing additives have been
granted (Redenbaugh 1986c d)· A large number of hydrogels were tested
on somatic embryos and true seeds for various parameters such as ease
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of capsule formation and lack of toxicity to the embryo or seed. The
most useful gel for the encapsulation of somatic embryos was sodium
alginate, a common food thickener made from sea algae. Artificial
seeds are currently produced by mixing somatic embryos with 2% sodium
alginate. The alginate is then dropped into a solution of calcium
nitrate to complex the drops of alginate. After approximately 20
minutes, a rigid bead of complexed alginate is formed around the
somatic embryo. The alginate bead provides a protective barrier for
the fragile embryo while also facilitating the handling of the small
embryos.
In addition to the encapsulation process, a hydrophobic
membrane coating can be formed over the capsule.
This membrane
coating makes the capsules less tacky and increases the flowability.
Capsule flowability is important for interfacing with automated
seeding machinery where precision placement of the encapsulated embryo
is required, such as seeding flats for transplant production. Initial
seeding experiments using unfilled capsules (no embryos in the
capsules) have been successfully singulated and placed into transplant
flats using a greenhouse vacuum planter.
Planting and Conversion of Artificial Seeds to Plants
There has been 1ittle research done on the conversion of
somatic embryos or artificial seeds to plants in a · transplant-like
sci 1 environment. Most research has been on the process of fermi ng
somatic embryos and identifying gels or matrices that can deliver the
somatic embryos. Very little research has focused on what to do with
the somatic embryos beyond this point.
The germination of artificial seeds in soil, whether in a
controlled environment such as an incubator, or a less controlled
environment as exists under greenhouse and field conditions, requires
the somatic embryos to be hardy and self-sufficient in order for root,
shoot, and leaf formation to occur. Embryos must either store their
own nutrients for growth and development or be supplied with an
exogenous nutrient supply that functions as an .. artificial endosperm ...
Our main research emphasis in the past two years has been to direct
research and development towards prototype production and, thus,
remove artificial seeds from the sterile, in vitro environment on
which most research thus far has focused.
- --At Plant Genetics, Inc., we have emphasized efforts to obtain
high conversion of artificial seeds to plants in a non-sterile soil
environment. This shift in focus had initially required determination
of planting methods and cultural practices which were amenable to
artificial seed survival in soil. Current horticultural practices for
true seed germination, such as soil types and watering systems, could
be directly applicable for artificial seed germination, but the
specific cultural techniques had to be determined for each crop. From
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investigations using hydrated alfalfa somatic embryos, excessive
overhead watering (misting) was shown to be detrimental to naked
(non-coated) or encapsulated somatic embryos planted in the greenhouse. It appeared that the constant presence of water on the somatic
embryo promoted extreme embryo browning and rotting. On the other
hand, dry soil conditions were extremely detrimental to embryo
survival, causing embryo desiccation and death.
Therefore, it
appeared that only a narrow range of soil moisture could be tolerated
by the embryos and , as a consequence, the watering conditions needed
to be tightly regulated. This differed from true seed as many seeds
can survive dry soil conditions prior to radicle or shoot emergence.
We have a 1so begun to investigate the use of foggers to reduce the
drying on the soil surface and maintain an even soil moisture level
around the embryos.
Another focus was to improve embryo quality by di rect i ng our
efforts on assessing who l e plant fonmation in soil. The convers i on of
alfalfa somatic embryos was found to be much l ower i n soil compared
with in vitro conditions. We typically obtained 10-30% conversion in
soil while""l"n vitro conditions yielded 70-90% conversion using high
quality embryos7'This indicated a lack of embryo vigor under soil
germination conditions which may have indicated a requirement for
nutrients such as those i n the in vitro environment. The decline in
conversion also demonst rated how different the soil genmination
envi ronment was compared to in vitro conditions. Our goal for soil
planting has been to achieve-the same conversion rate in soil as in
vitro. Along with low somatic embryo conversion in so i l , plant stand
and growth rates were al so uneven, indicating variability in embryo
vigor. We have recently been able to achieve 20-40% stand establishment of alfalfa plantlets from artifi cia l seeds planted i n the greenhouse by di recting efforts to i dentify greenhouse growi ng conditions
important for embryo survi val as well as i dentify in vi tro treatments
which harden the embryo to withstand soil planting.------Important Hurdles for the Commercialization of Art i ficial Seed
The lack of a desirable genotype will probably be most
limiting to artificial seed commercialization.
This is due to a
limitation on the understanding of the somatic embryogenesis systems.
For many high-value genotypes , good somatic embryogenes i s systems
simply do not exist.
Also, while advances are being made toward
decreasing the cost of the somatic embryogenesis process, it appears
that artifi cial seeds will have a difficult time competing economically with i nexpens i ve true seeds and, thu s, i ni t i al ly be used
exclusively for high-value crops. Automat i on of the t i ssue culture
process for embryo production may, therefore, be an important factor
in reducing the cost of the labor-intensive production steps.
In addition, there are many other issues such as artificial
seed storage, transport, and handling that have not been addressed.
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All of these issues will be important in the overall efficiency of the
artificial seed system.
Conclusi on
Artificial seeds hold the promise of being a revolutionary
propagation system in agriculture . While there are many hurdles to
overcome before the system can be conmercial ized, much progress has
been made in the past few years toward an init ial greenhouse propagation method. Fie l d use of artificia l seeds is stil l further away, but
research focus on the understandi ng of plant biology coupled with
' optimization of delivery and planting methods will push the artificial
seed system closer towards conmercialization .
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THE CONDITIONING OF TREE SEED IN AGRICULTURAL SEED PLANTS
Robert P. Karrfalt1
Introduction
The amount of tree seed conditioned in the United States has
been increasing steadily in the last 10 years. This has been because
of increasing demand for wood in the United States and a demand in
other countries for seed of trees native to the United States. The
amount of seed produced is expected to continue to increase at least
for another five to seven years because of increasing need for wood
fiber, a greater emphasis on genetic improvement which almost necessitates artificial planting, and the Conservation Reserve Program. The
Conservation Reserve Program might prove to be one of the largest
singl e factors influencing tree seed production because it calls for
planting trees on 3.4 to 5 millions acres of highly erodible crop land
during the next 5 years. The CRP alone will require an additional 166
tons of tree seed over the 5 year period. Although 166 tons of seed
may seem small by some agricultural standards, the value is at least
moderately high . Tree seed currently is being traded at $50 to $100
per pound. Therefore, there might be some opportunity for an agricultural seed conditioning plant to find some additional revenue from
conditioning some of the increase in tree seed production. Even for
those seed conditioners not i ntere sted in conditioning tree seed, some
knowledge of forestry might well prove useful and interesting because
forestry is coming to occupy a growing place in American agriculture.
An example of this growing prominence is, that in the state of
Georgia, pine is the most important single agricultural crop contributing 8.6 billion dollars to the state•s economy every year .
Tree Seed Collection Systems
The majority of tree seed collection requires the collection
of fruits. With most of the tree seed being from conifers this means
cone collection.
The cones are collected from the ground after
shaking them from the trees with tree shakers or by picking the cones
after reaching the top of the tree with ladders or bucket trucks . The
cones are then moved in burlap sacks or in 20 bushel containers to the
1Director, National Tree Seed Laboratory, USDA-Forest Service, Dry
Branch, GA
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holding area where they often need some period of additional ripening.
The proper time of harvest of cones is dependent on the species , the
genetics of the individual tree, the weather and the properties of the
growing site.
However, for some species the seed is collected directly from
netting spread beneath the trees. The net collection systems offer
many advantages for species that require climbing to cut cones free.
It i s safer because the workers are not working high off the ground.
Harvesting cones at maturity is not a problem because the seed falls
when the cone is mature. A large amount of work and fuel is saved
because only the seed needs to be transported to the conditioning
plant, dried, and conditioned. The draw backs are that collection is
dependent .on enough dry fall weather to cause the cones to open , bi rds
and rodents can feed on the seed as i t 1ays i n the open, and many
other t ree and weed species fall on the net with the crop seed.
Components Of The Tree Seed Conditioning Plant
Many items i n the tree seed conditioning plant will be the
same as are found in an agricultural seed plant.
Agricultural
machinery has traditionally been adapted to forestry use. On ly in the
1ast 10 years have the equipment manufacturers produced equipment
specifically with fore stry in mind . The initial steps in condition i ng
tree seed are the most different from conditioning agricultural seed.
Drying Cones
The cones that are co ll ected must be dried in a kiln that
allows for the expansion of the cone scales. The most corrmonly used
types are tray systems, tumbler dryers and drying wagons. Trays are
the most corrmon and the trays are either moved by hand, on rolling
racks, or by fork lift. The drying wagon is a direct adaptation from
agriculture. This is the st andard drying wagon used for peanuts,
soybeans and other crops, except that she l ves have been installed to
separate the layers of cones and give them the room they need to
expand. If a cone cannot expand as it dries, it wi 11 not be ab 1e to
release its seed . The tumbler drier is used to both tumble the seed
from the cone as well as dry the cone. This is an expensive type of
drier and is used only i n relatively special circumstances were the
tumbl ing action is needed as the cone is dried.
Cone Tumblers
After drying i n t rays or wagons, the cones must be tumbled to
extract the seed. Tumblers are usually cylinders made of expanded or
perforated meta 1 or heavy gauge wire. This cylinder turns around a

27

central axle and the cones are tumbled like clothing in a cloths
drier. Some tumblers are batch operated while most are continuous
flow.
Seed Dewi ngi ng

Most conifer seed has a wing on it that must be removed before
it can be conditioned into a high quality seed lot. Seed plants of
the 1950's used dewinging machines that were rather harsh in their
action but the degree of dewi nging was not required to be high and a
higher amount of mechanical injury was acceptable. The Crippen EP26
popcorn polisher was a widely used favorite for dewinging pine and
spruce. An experienced, careful operator was able to dewing and not
damage the seed. However, the less experienced or somewhat careless
operator would easily obtain damaged seed. The high potential to
damage seed coup 1ed a 1ong with a need to fu 11 y remove the seed wing
resulted in the development of equipment specifically for tree seed.
Crippen manufactures equipment designed to remove the wing in
two stages. The first machine removes the l argest portion of the wing
by lightly rubbing the seed with paddles in a back-and-forth motion.
The second machine removes the tightly attached portion of the wing
from around the seed by the same action after adding a small amount of
water. The addition of water causes the wing to release. Minimal or
no drying is required with these dewingers because the least amount of
water is applied . These dewingers and any that rub the seed mechanically require a scalping prior to dewinging in order to remove any
large debris that would cause the seed to be crushed as it is rubbed.
South Pine, an American Company , and Hilleshog, a Swedish
Company, both make wet dewinging machines that tumble the seed as it
is sprayed with a fine mist of water. The tumbling action and the
natural release of the wing when moistened are enough to separate the
wing from the seed . An air jet blows the wings away into a collection
pan. These types of dewingers require the use of a seed drier because
of the addition of extra moisture. The drying is brief because the
moisture is on the surface of the seed . The wet dewi ngi ng procedure
is easily, though not as neatly, accomplished by using slightly
modified cement and mortar mixers.
The modern dewinging procedures have been combined with basic
cleaning by adding aspiration or blowing air so that the seed is
relatively clean following dewinging. Only a small amount of trash
needs to be removed at this point and it is usually removed while
sizing or upgrading the seed lot.
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Sizing
Sizing is the next step following dewinging. Tree seed has a
high amount of variability in seed size because of the large amount of
genetic variation among trees. Tree species under cultivation are
still essentially wild plants and demonstrate the variability of wild
plants. In all likelihood forest trees will never have the uniformity
of seed size that agricultural crops have. The sizing is done usually
with round hole screens and the lot is divided into three and sometimes four fractions. Once divided into sublets of more uniform seed
size, the empty and partially filled seed can be removed without loss
of many of the smaller seed. Sizing would not be necessary for basic
cleaning but is essential before the upgrading steps.
Upgrading
X-ray is a very useful tool for determining how much seed to
remove in upgrading with air or with the gravity table. Empty seed
are the most common seed that need to be removed. These result from
the feeding of seed bugs on the cones before harvest. Because the
seed coat accounts for as much as 60% of the weight of the pine seed,
a large empty seed can easily have the same weight as the smaller
filled seed. This is the reason for sizing the seed before attempting
to remove the empty seed. Cracking the seed with a hammer or cutting
it with a knife are also effective procedures to use to determine the
percentage of empty seed. The equipment costs much less but is slower
and destructive of some good seed. Other types of non-viable seed are
more difficult to detect by cracking or cutting the seed. X-ray is
far superior for detecting partially filled seed that is caused by
seed bug feeding or fungus infection and for detecting seed filled
with insect excrement or insect larvae.
Air is very successful in removing the empty seed.
The
air-screen machine or an aspirator is used for this task.
It is
adjusted in the same way as it would be for an agricultural seed.
Larger and larger amounts of air are applied until a few good seed are
blown off with the empty seed. Water flotation is also occasionally
used on very small volumes. Water is not suitable for all species and
some other fluids or mixtures have been used.
The gravity tab 1e is a 1so a good way to remove empty seed
although it is not as often used. A gravity table usually is the only
practical way, however, to remove stones, partially filled seed, and
cone particles that are about the same size as the seed. Seed lots
that are collected from nets or extracted from cones that are gathered
off the ground can contain many small stones and dirt particles.
Generally a small gravity table is required because tree seed lots are
often in a range of 10 to 200 pounds, and the necessary complete deck
coverage can not be achieved on large machines.
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Seed Moisture Control and Seed Storage
Maintaining proper seed moisture is as important with tree
seed as it is with agricultural seed. Seed at a moisture content
above 10% and at warm temperatures for more than one day can lead to
deterioration. The best rule is always keep extracted seed below 10%
moisture content until it is time to prepare it for planting. The
easiest way to control moisture in the seed is to keep it in a sealed
container. The moisture-proof fiber drum is one of the most corrrnon
containers used. Ambient temperatures as high as 750F are acceptable
for storage for a few months, but storage at freezing temperatures are
required for storage beyond a few months. The moisture content of the
seed is determined by electronic meters but only a few have charts
made for tree seed and these are usually developed by the USDA-Forest
Service.
Conditioning Plant Design
Seed conditioning plants built in the 50's and early 60's were
designed to do large bulk lots of seed and it was logical to construct
them for continuous flow. In the 70's and 80's smaller seed lots
became more corrrnon and batch operated plants became more important .
Modern plants are now batch operated or have an option to run seed in
the batch mode.
Reasons given for using the batch procedure are
simpler design, easier clean out, and better control of lot quality
and integrity.
Testing Tree Seed
Tree seed testing is somewhat unique compared to agricultural
seed. Only a brief description is given here to give an impression of
what is done. Purity is conducted in the same way as for agricultural
seed but the problem of weed seed is comparatively not very great. A
seed weight test must be done to determine the number of seeds per
pound because tree seed varies greatly among seedlots in seed weight.
Germination is the strikingly different test. Tree seed almost always
needs light,more space because of the light requirement, and often one
to several months of prechilling to break dormancy.
The laboratories testing tree seed were few and all official
laboratories as recently as 10 years ago. Some in-house testing was
down by a few companies and agencies at that time also. Now there are
two corrrnercial laboratories and six or more laboratories operated by
larger forestry corporations.

30

Tree Seed Conditioning in an Agricultural Seed Plant
Could an agricultural seedplant condition tree seed?
The
answer is definitely yes but with limitations. A full conditioning
operation could be done only if the plant contained the additional
equipment needed for tree seed. This would be the cone kiln, the cone
tumbler, and the dewingers. Also specialized experience would have to
be developed. Currently in the southern United States there are three
firms that do a large volume of contract conditioning work that have
this specialized experience. A third factor, to which the agricultural seed plant would have to adjust, is spillage. I have seen small
amounts of seed spilled on the floor of agricultural seed plants that
seems insignificant. But to the owner of tree seed any spillage and
loss is unacceptable because of the small lot size and the value of
the seed.
Finally the agricultural plant might not be able to
accommodate the small size of tree seedlots.
What are the most l ikely opportunities for an agricultural
plant to work with forest tree seed? Drying seed would be a 1 ikely
activity, especially for a seed orchard were the seed is collected
from netting . The seed might be very wet when collected and needs to
be dried quickly to avoid loss of viability. The seed could then be
sent to a plant that specializes in tree seed. Additionally a basic
cleaning could be done without much experience in tree seed. The net
co 11 ected seed will have a purity of on 1y about 501. when co 11 ected.
Removal of this large volume of trash would make shipment to the tree
seed plant much easier and less costly. Far fewer containers of seed
would need to be prepared and the shipping weight reduced.
Removal of stones and dirt with a gravity table would be
another 1ikely service.
Often the tree seed plants do not have
gravity tables, but the seed lots would benefit from the removal of
the stones. Only a few stones are needed to have major effect on
purity. The removal of partially filled seed could be another service
done with the gravity but would require assistance from someone with
an x-ray unit to guide the conditioning.
Surrmary
There are some similarities between agricultural seed conditioning and forest tree seed conditioning such as the use of airscreen machines, gravity tab 1es, and seed dryers. The differences
between the two operations include cone kilns, cone tumblers, and seed
dewinging equipment. The agricultural seed conditioner who wishes to
expand his work into forestry would find the most likely opportunities
in drying seed, basic cleaning, and gravity table work.
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MANAGEMENT ALTERNATIVES FOR SEED CONDITIONERS
Bobby Hortonl
There are as many, and varied management needs here today as
there are companies represented . Each of us has different assets, capabilities, and most of all, different physical locations . We must
remember, as we go through this thought process, to work with our
individual needs and assets, and, by doing this, each of us may
discover different but workable management alternatives for each of
our particular seed operations . Most of all, we must make ourselves
evaluate our businesses in an objective manner.
When making this evaluation, we should look objectively at our
effective trade area.
It may range from rural to urban and from
custom seed cleaning to retail sales . Many of us are trying to fit
our existing business, one which has not really changed since its conception, into this ever-changing trade area. Many basic factors have
changed in the avera 11 seed business in the past decade and many of
these factors are affecting our businesses directly .
Probably the most drastic changes are coming from the Plant
Variety Protection Act of 1970 and the current government fann bill.
The PVPA has caused a basic change in American agriculture. It is a
mechanism under which large international companies can retain
ownership of the specific varieties created by their newl y-fonned
plant breeding divisions. Because of this new infusion of private
money, we are a 1 so seeing a change in the focus of public research.
This, in effect, trickles down the seed supply chain and eventually
affects every segment of it. The fact is, the PVPA is a fed era 1 1aw
which is causing our national plant breeding efforts to make great
strides. Along with this advancement comes changes and opportunities
for us seedsmen . Some seed companies are making these changes and are
prospering, while others are still refusing to face reality.
The Fann Bill of 1985 has once again thrown new marketing
programs and changing emphasis into American agriculture. Because of
this new government-dictated direction, we must adjust our thinking
and our businesses to realign ourselves with this new direction. This
fann bi 11 has changed nearly every aspect of the world food supply
business and the only thing certain about it is that it will change
again . With this ever-moving target comes the opportunity for us to
leo-owner, Big River Seed Company, Cleveland, MS .
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keep adjusting our sights and trying to properly position ourselves in
this ever-changing business. Now that we have established a need for
changes in our seed business, let•s look at possible ways to make
these adjustments.
We personally have a large facility, a great grower base,
limited capital, varied management, and are located in the center of
the state•s rice and grain area. We have taken these accepted points,
and have decided to continue a multi-faceted grain, seed, public
storage, and rice drying business.
One of the most important management tools anyone can ever
obtain is to be "people wise;" by this, I mean we must understand what
makes an individual. This quality is probably most often obtained
from our basic personalities and is very difficult to learn. We a ll
have to deal with employees, customer, lenders, regulatory personne l ,
and, yes, our competitors each day.
If we can not develop a good
rapport with each of these people, then we wi 11 never reach the
maximum of their capabilities .
We are especially sensitive of this fact when we are negotiating grower contracts with our growers. We know each farmer has his
special needs and abilities . By working with each farmer individually, we can recruit some very good growers that otherwise would not
fit into a standard contract. These tailor-made contracts are time
consuming, but will certainly help your grower program.
When planning your organization, try to decide what management
style you plan to use and hire employees that will perform under those
conditions. A potential employee may be well qualified for a particular job but simply would not mesh well with existing employees. All
employees should be compatible as a group, but should not duplicate
another•s talents. All too often we hire people for all the wrong
reasons.
Decide exactly what the employee is to do, then find a
person who has the necessary qualification for that job .
My partner and I are similar in business philosophy, but we
have very different formal training and employment desires.
He is
very comfortable and capable with administrative duties in the office,
whereas I am much happier working with the production side of the
business.
This not only prevents duplication of effort, but also
gives us better control of all aspects of the business and prevents
personality clashes.
Since our businesses are getting so broad and vari ed in scope,
we can no longer rely on our personal training to acquire all decision-making information. With the new machinery being developed every
day, and Washington constantly handing down new laws and programs, we
must look for expert advise in the different fields. For some reason,
everyone I meet considers himself an expert in most areas. It then
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becomes a real problem to distinguish real expertise. We must seek
out the real experts in a given field, then be willing to respect
their abilities and not let individual personalities become involved.
Remember, you are looking for professional advice, not a new friend.
I feel an excellent way to obtain this information is to
associate with such persons through professional trade associations.
Many times you will pick up information while attending such meetings
and not realize it until a moment of need arises. Also, much information of this type can be acquired by simply listening to others with
similar problems, then applying their solution to your personal needs.
I know it is hard to travel and make such meetings, but you can not
stay home constantly during these changing times.
We were recently at a Grain Shipper's Association meeting in
New Orleans and discovered that the Commodity Credit Corporation is
expecting a much larger need for commercial storage this coming year
than earlier anticipated. By using this information, we were able to
continue a contract for a leased grain storage facility. In addition,
we also learned of tax implications and new tax laws.
However, expert advice is useless without concentration and
dedication which are two essential ingredients of any successful
If you do not have the self-discipline to achieve your
business.
goal, then you should reconsider this entire business. You must have
the discipline to reject personal negative thinking, and you can not
allow others to control your thoughts. Many times it is easier to
just agree with the coffee shop talk and decide that nothing good can
be salvaged from your current position, but this type of thinking will
do nothing but further deteriorate your situation.
You must be
willing to dedicate yourself to changing your business for the good.
By always having a segment of the ownership at the business,
we can better maintain a positive morale among employees. By the
nature of our responsibilities my partner or I am always at the office
when other employees are working. I usually arrive prior to production employees and my co-owner prefers to keep late office hours. This
a 1so gives an extra sense of security, knowing that any unexpected
problem will be handled by the proper person.
When you are looking for alternatives to business management,
you should first list all possible alternatives. It will soon become
obvious that some would not work at all and others have only a slight
chance. Take the ones left and list all pros and cons of each. Once
this is done, you will need time alone to ponder all possible actions
and reactions of each. Be sure to consider the laws and regulations
that may effect these possible alternatives. Many of the factors that
we have previously discussed must be looked at while these alternatives are being considered.
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After discarding several unlikely possibilities, we decided to
look closely at these alternatives:
1.

Custom cleaning for farmers

2.

Custom cleaning for private variety owners

3.

Custom cleaning for large public variety dealers

4.

Growing and cleaning for your own sales

5.

Integrating seed plant and other related businesses

6.

Growing and cleaning edible seeds.

After looking more closely at this list, we have decided to
i ncorporate a balanced combination of each of these segments into this
year•s program.
Once this decision is made, you should take control of your
business and steer it in the agreed-upon direction. Absolutely the
worst thing that can happen is management through default. When no
decision is made and no action is taken, your business will follow the
path of least resistance and that certainly is not where you should be
going.
In 1980, we recognized a need for commercial grain storage .
After looking at the new trends of government policy and the everincreasing grain surplus, we elected to build, buy and lease public
These different acquisition
storage and grain drying facilities.
methods gave us the best overall positioning in this new endeavor.
Today it is still growing and has been a very profitable segment of
our business .
When we look back at where our businesses have come from, one
of the most obvious points is that large changes have taken place. All
the previously mentioned points have interacted to create these
changes and these changes will continue, even with increasing speed.
Obvious 1y we cannot resist these changes because we can 1ook at o1d
companies that no longer exist and see where such resistance got them.
We must be open-minded to new ideas, but we must study each with a
cautious attitude.
Hedging our grain purchase on the Chicago Board of Trade is an
excellent example of utilizing new technology to overcome change.
Prior to the 1ate 1970s, a majority of the years saw our annua 1 1ow
gain prices at harvest season, and most seedsmen simply bought seeds
then, and they could always sell at a profit later in the season . This
has now become an exception instead of the rule. This is why our
company never buys nor sells a bushel of grain without hedging it.
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Now as I end these words of wisdom, I am going to say what may
seem to conflict with all my previous points, but it really does not.
It simply says that we should temper all business decisions with an
acceptance of reality. Many times when we observe a situation from a
different time or prospective we will get an entirely new view. When
this happens, or when influencing factors change and you see that you
have obviously made a poor decision, it is time to cut your losses and
get out. This usually is very hard to do because of business pride
and human nature.
We purchased a large piece of top quality hill land a few
years prior to the current soybean pricing situation. At that time
our decision looked great; but, as you all know, bean prices have
continued to deteriorate. We re-evaluated our decision with current
information and have now put this entire place into the new Conservation Reserve Program. By signing up for the 10 year program we can
guarantee ourselves a method to service the debt on this land, and it
a 1so offers us a reasonable opportunity for a profit from the pine
t imber. This is more than we can expect from soybeans. When facing
reality, accept it and make that proverbial lemonade from the lemon
which business will sometimes hand you.

37

SUCCESSFUL QUALITY ASSURANCE
Quentin Shultz1
A discussion on quality assurance should begin with a clarification of the term Quality Assurance Program. The American Heritage
Dictionary gives these definitions for the following words:
Quality:

A characteristic or attribute of something, the natural or
essential character of something, degree or grade of
excellence.

Assurance:

A statement or indication that
freedom from doubt, certainty.

Program:

An organized list of procedures. By combining appropriate
aspects of these definitions, a quality assurance program,
as it applies to the seed trade, could be defined as an
organized list of procedures which inspires confidence in
the superior character of the seeds being sold . Certain
aspects of this list of procedures are essential in
achieving a successful quality assurance program.

inspires

confidence,

Over the years, an effective quality assurance program has
become of increasingly greater importance to the seed trade.
The
various reasons for this can be grouped into two categories: performance and litigation. The sales axiom that good performance equates to
satisfied customers equates to repeat business, also holds true for
the seed trade. A customer has four main expectations of a seedsman•s
products. The package should be attractive and not look as if it just
experienced Hurricane Helen. The appearance of the seeds should be
acceptable when the customer opens the bag~ The customer expects
good, uniform emergence when he plants the seeds. He also expects
competitive yields at harvest time. If a customer is disappointed in
any of these four expectations, he is a dissatisfied customer. The
seedsman can ill afford a dissatisfied customer because his potential
customer base is shrinking. Data from the 1985 publication of Agricultural Statistics indicate the number of farmers decreased 9. 4% between
1975 and 1985 (Table 1). The depressed agriculture economy may
accelerate this downward trend .

1Quality Control Manager, Jacques Seed Co., Prescott, WI.
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Table 1.

Table 2.

Fanms i n the U.S.A.
1975

1985

% Reduction

2,521,420

2,284,630

9. 4%

Planted acreage in millions of acres.
1984

1985

1986

1987

Corn

80 . 4

83.3

76 . 6

?

Soybeans

67.7

63 . 1

61.8

?

Cotton

11.1

10.7

9. 7

?

2. 8

2.5

2.3

?

Rice
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Not only is the number of potential customers decreasing, but
the acreage is decreasing for many of the major crops (Table 2). Corn
acreage dropped 8% from 1985 to 1986. Projections for 1987 indicate a
possible drop of an additional 15%. Soybean acreage dropped 8.7% from
1984 to 1986, cotton acreage dropped 12.6% from 1984 to 1986, and rice
acreage dropped 17.9% from 1984 to 1986. Less acreage means 1ower
seed needs resulting in greater competition among seedsmen for a
shrinking market.
Consistent perfonmance will be needed for a
seedsman to maintain his marketshare.
A good quality assurance
program will help him obtain that consistent perfonmance.
The seedsman also needs an effective quality assurance program
to protect himself from litigation. The liberal posture the courts
have taken in recent years has resulted in a dramatic increase in
product 1iabil ity suits of all types. The seedsman used to rely on
errors and omissions liability insurance for protection. In recent
years, however, the cost of that insurance has become prohibitive. An
ASTA survey conducted in 1986 indicated that only 25% of the seedsmen
carried errors and omissions insurance. A quick glance at Tables 3
and 4 indicates the reason. These tables represent actual figures on
errors and omission insurance coverage from two different seed
companies. From 1984 to 1985, coverage costs increased 833% in one
case and 3000% in the other case . This occurred despite dramatic
increases in the deductible. The seedsman needs to learn how to limit
his product liability risk without the aid of insurance. Three good
sources of infonmation are articles in the November, 1986 and March
1987 issues of Seed World, and a publication available from ASTA
entitled 11 Summary of Law on Seedsmen's Warranties and Disclaimers ...
To reduce product liability exposure, a viable quality assurance program is essential. It will determine potential problem lots
and remove them from the market. It will also develop the supporting
defense data in the event legal action is taken. Lawyer James E.
Hawes writes, 11 it is usually far less expensive to design and implement a program to limit product liability exposure than it is to
litigate claims ...
Essential Aspects of Quality Assurance
A number of steps are necessary to obtain an effective quality
assurance program, but none is more important than the first step: A
true commitment to high qua 1ity by upper management. The attitude
upper management has towards their quality assurance program is
quickly perceived by production, sales, and quality assurance personnel. A tough stance on quality results in greater commitment to
excellence throughout field production and plant operations. Quality
assurance people do their job more conscientiously. Sales people
sell, and even handle complaints, with greater confidence.
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Table 3. Errors and omissions insurance costs - Company A.

Table 4.

Year

Coverage

Deductable

Premi urn

1984

$1,000,000

$5,000

$30,000

1985

$ 500,000

$100,000

$125,000

Errors and omissions insurance costs - Company B.
Year

Coverage

Deductable

Premi urn

1984
1985
1986

$20,000,000
$1 , 000,000
$1,000,000

$25,000
$100,000
$250,000

$176 , 398
$280,000
$330,000

Table 5. Categori zing test results.
Category
A

8

c
D
E
F

Definition
Untested
In Test
Passed All Tests
Minor Quality Problem
Major Quality Problem
Non-usable Seed
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If upper management takes a soft stance on quality, no quality
assurance program is effective. The production people will do their
job only good enough to "get by." Quality assurance people will not
do their best work, because decisions will be overruled by upper
management anyway . Sales people will sell with less enthusiasm for
fear of product fa i 1ure. They begin to assume product fa il ure when
handling complaints resulting in high claims losses as well as lost
sales.
Once upper management has committed to high quality, the
second important step in the process is developing Written Quality
Standards. Upper management must be willing to draw the line between
acceptable and unacceptable seed quality. This sets the goals field
production and plant operations personnel mu st achieve. This also
sets the standards against which quality assurance people can compare
the ir test results. These standards should be as comprehensive as
possible and include limits for such things as purity analysis,
germination, genetic purity, moisture content, stress tests, and other
important aspects pertaining to specific crops.
Once the written standards have been completed, the next
important step is to inform key personnel. Field production people
need to be aware of the company's expectations for their seeds. They
need to know that failure to meet those expectations will result in
rejection and loss of premiums. The plant operations people also need
to be aware of the company's expectations of the finished product.
Failure to meet those expectations will result in re-working, loss of
product, or possibly loss of job. Educational opportunities should be
offered to these individuals to gain the skills and understanding
necessary to fulfill their job responsibilities with the greatest
effect. Grower meetings could include information on fertilization,
plant population, herbicide usage, correct harvesting and handling
procedures.
Conditioning personnel should receive information on
correct usage of equipment, correct sampling procedures , 1abe 1i ng
instructions, and efficient warehousing techniques. Quality assurance
people should receive instruction on new tests, improved testing
procedures, or new testing equipment.
The foundation is now in place to support the next important
aspect of a viable quality assurance program which is an effective
testing program.
This program should include four main types of
testing: preliminary testing, finished product testing, carryover
testing, and field testing. Preliminary testing involves the evaluation of raw seeds as they are harvested. The intent is to determine
whether the seeds are acceptable for conditioning, determine any
special problems which need to be addressed during conditioning, and
obtain an early estimate on product availability for sales.
The
finished product testing determines whether seeds which have been
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prepared for delivery to customers meets the written quality standards. Carryover testing differentiates between seedlots with acceptable quality for the coming sales season, and seedlots which no longer
have value as seeds and should be discarded .
The field testing
program helps evaluate the effectiveness of the testing program in
separating poor quality and high quality seeds, as well as supplying
actual emergence results in case of complaints.
Quality assurance personnel must develop procedures for
They must
receiving representative samples on a timely basis.
determine the appropriate tests needed for their particular crops .
They must use the correct procedures for conducting those tests .
Useful information to obtain from samples submitted for tests includes:
Variety
Lot Number
Test
Year Produced

Locat i on
Plant Recommendation
Purity Analysis
Moisture Content

Seed Count/Pound
Standard Germinat i on
Stress Germ. Tests
Genetic Purity Tests

When the tests have been completed, results must be evaluated
based on the written standards. This evaluation will determine the
ultimate disposition of the seeds. It may be advantageous to categorize each seedlot based on the test evaluations. A possible category
system is shown in Table 5. This type of categorizing is useful in
communicating test result information, and, especially, in drawing
attention to problem lots.
The fi na 1 important step in a qua 1ity assurance program is
management of the data collected in an effi cient manner.
It is
imperat i ve that this information get to the right people in a timely
fashion to be of maximum benefit. In small operations this can be
done manually very effectively. However, modern technology has given
even the smallest businessman access to a very valuable technology and
a very valuable tool- the computer. When used correctly, this tool
allows the manager more time to analyze data.
Figure 1 diagrams a simple flow chart for inventory control
It requires three main data bases: an
using a computer system.
inventory control data base, and a quality assurance data base. Each
data base receives daily inputs pertaining to it, i . e. test results go
i nto the quality assu rance data base ; receiving , conditioning, and
shipping data go into the sa l es data base. Once the informat i on i s in
the data bases, it can be compiled and sorted for a variety of uses.
For example, summarized test information can be combined with summarized inventory information to generate a report which will indicate
the amount of inventory, its location and its current quality test
results. This is where categorizing test data based on the written
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standards become valuable. The current inventory can be sorted by
seedlot into the different categories giving managers a list of
shippable items, a list of items which need additional work, and a
list of items which are not fit for seeds . Summarized shipping and
order information can be combined with summarized quality and inventory information to generate reports which indicate the amount of
available good inventory still in the plant to satisfy unfilled
orders. This type of data manipulation can take place at an incredibly rapid rate and supply managers with the information they need to
make wise and timely decisions.
One last application of this type of data management approach
is valuable to any quality assurance program. Once the test data are
col l ected and evaluated and the information has been disseminated, the
quality assurance manager needs to be sure that poor quality products
have not been shipped due to human error or oversight. By combining
summarized qua li ty i nformation and summarized shipping information, a
report could be compiled indicating whether any material in a hold
category was shipped. Appropriate recall procedures could be initiated based on that report.
S~m~~ary

Because of shrinking acreage and shrinking customer base, the
seedsman has to be more concerned about consistent product performance
to maintain business.
The threat of 1itigation and the prohibitive cost of errors
and omissions insurance make a viable quality assurance program imperative. The most important factor in obtaining an effective quality
assurance program is a commitment to high quality seeds by upper
management. Written quality standards set the seed quality goals for
field production and plant operations personnel to achieve.
Field
production and plant operations people need the right tools, education, and training to meet those goals.
The quality assurance
department has to implement an appropriate testing program to determine actua 1 seed qua 1ity . The test data need to be in the hands of
the right people in a timely manner to facilitate good business
decisions.
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THE MORTAL SEED
James C. Delouchel
Seeds die - as every farmer, gardener, and seedsman knows.
Some succumb to the moisture, heat and molds before harvest; some are
mortally injured during handling and threshing; some expire in the
seedbed in the process of germination; and some just fade away with
aging during storage. While the dying of seeds is a matter of great
concern to the farmer or seedsman, the point of interest to most
laymen and the media is not that seeds die, but that they 1ive so
long, or put another way, their seeming immortality rather than their
mortality- which is, of course, not at all surprising.
Seed Longevity Records
A few months ago the Dean sent over the seeds collection of an
alumnus (and benefactor) made when he was a student more than 60 years
ago. The alumnus wanted to know if the seeds were still germinable.
The seeds of White Kafir and Brown Dura sorghum, sanfoin, serradella,
Prussian Blue field pea, Ito San soybeans and Whippoorwill cowpeas
were all dead, but about 5% of the unhulled white biennial sweet
clover seed produced very weak seedlings.
The alumnus was very
excited about the sweet clover and asked that we return the remaining
seeds to him - for what reason we do not know.
This was not the first occasion that we got involved in
determining the viability of old seeds. Indeed for many years now our
laboratory has been a frequent recipient of vials and envelopes of
seeds found while cleaning out trunks, files, even safety deposit
boxes. Most of the seeds were over 50 years old and in about 99% of
the samples the seeds were 11 Stone 11 dead. As might be expected, the
few samples with germinable seeds were species with 11 hard seeds .. such
as sweet clover, dock, and bindweed, but we have not been so lucky as
others to turn up good data on well documented seed samples suitable
for publication. A surprising number of professional papers have been
published on the results of germination tests made on old seeds that
more-or-less just happened to turn up in cleaning out files and
storerooms in Departments of Botany, Agronomy and Horticulture, or
!professor and Agronomist, Seed Technology Laboratory, Miss. State
University, Miss . State, MS.
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research labs. Although fortuitous, these papers are always well read,
and have added greatly to our knowledge of the longevity of seeds .
The media have long been attracted to feats of longevity
including tales of long- lived seeds. In her recent, well documented
and immensely fascinating paper "Ancient Seeds; Seed Longevity" (JOST
10:1986), Vivian Toole cites an article in an 1843 issue of the
Gardner's Chronicle that reports on the germination of wheat and
barley seeds found in an ancient tomb in Egypt which opened up the interesting possibility of making bread from the produce of seeds
(grains) that might have been stored in Joseph's granaries during the
fat years . Mrs . Toole cites many other equal ly sensational stories
about "mummy" wheat and other seeds of antiquity, and then "examined
the facts .. which are that none of the reports of germination of seeds
from King Tut•s tomb and other tombs of similar antiquity are valid.
Generally, the antique seeds are completely 11 Carbonized 11 and very
fragile. Most reports of their germination were the results of errors
in authenication and dating or over-heated speculation , but in a few
instances deliberate deception appears to have been involved a la t he
Pi ltd own man hoax . While seeds may not survive into the antiqu ity
stage, they are very long lived compared to other living things.
The oldest longevity claimed is 10,000 years for seeds of an
artie lupine found in a lemming burrow in the Yukon. The dating of
the seeds, however, has not been rigorously validated.
The most
widely publicized- at least among seed technologists and scientistsseed longevity claim is for seeds of Indian lotus found in an lake bed
deposit in Northeast China by I . Ohga, a Japanese botanist, in 1923.
The generally accepted age of the seeds is 1000± 200 years. Seedlings
and plants from the 1000 year old lotus seeds are shown in Plate 1 of
Le 1a Barton •s classic "Seed Preservation and Longevity 11 ( 1961). The
Indian lotus seed claim is my favorite and probably will remain so
even if it is supplanted by one much older. While the geography might
not be too correct, I 1i l<e to imagine that some of the 1otus seeds
might have been tramp 1ed in the 1al<e bed by the mount of one of
Genghis Khan's golden horde on their way to the Danube about 800 years
ago.
There are a substantial number of well documented seed
longevities in the 100-200 year range and many in the 50 to 100 year
range.
The main sources of the seeds were collected specimens in
hebaria and/or museums for which collection dates could be established .
In one interesting case cited by Eric Roos in his recent
paper .. Precepts of Successful Seed Storage " (CSSA Sp. Pub. No. 11) :
123 year-old seeds of oats, barley and wheat sealed in a glass tube in
the foundation stone of the Nuremburg City Theater genmi nated 21, 12
and 0%, respectively.
Seed kinds that have been shown to be long-lived in air-dry
storage (e.g., hebarium case) are usually from species that are
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members of families in which the main dormancy mechanism is water
impermeability of the seed coat (hard seeds), viz ., legume, morningglory, and mallow (cotton) families. The good longevity of hard seeds
can probably be attributed to the maintenance of a uniformly low and
stable seed moisture content as contrasted to species with ~soft
seeds~ which increase and decrease in moisture content in accord with
the seasonal changes in climate . Most of the germinable seeds we have
found in the old seed collections sent to our lab -as mentioned above
- are of species such as sweet clover, other clovers, bindweed ,
alfalfa and some of the weedy malvas. The grass seeds in the collections are always dead.
In a modern air-conditioned office laboratory, seeds remain
germinable for a surprisingly long time - even seed kinds cons idered
to be short-lived as soybeans and peanuts. Good quality soybean seeds
ma intain germination at an acceptable level for 4-6 years and a few
survive up to 7-8 years.
The longevity of seeds in soil is of great interest to
ecologists and weed scientists and has been extensively and intensively studied. Germination test results of seeds from buried seed
experiments represent some of the best documented instances of seed
survival for long periods.
Buried Seed Studies
The natural manifestation of the longevity of seeds is not in
herbarium cases, trunks in attics, foundation stones of city halls, or
Egyptian tombs, all of which involve storage of 11 air-dry .. seeds in air
- a human intervention in the ecology of plants. Rather, the main
respository in nature for seeds from dispersal to germination is the
soil - including lemming burrows and peat bogs in old lake beds.
Seed 1ongevi ty on or in the soi 1 is an important property in
the evolution, survival, distribution and succession of plant species .
And, it has important implications on both the negative and positive
sides in the man-ordered ecology of agriculture.
On the positive side, the continuance of annual species in
permanent meadows and pasture lands is dependent on the survival,
i.e . , longevity, of the seeds from dispersal until the start of the
next annual cycle. Plant breeders have screened for variability in
seed longevity in annual forage species and deliberately incorporated
increased longevity in so-called re-seeding varieties. The assurance
of an adequate population of the annual species through natural~
re-seeding eliminates the cost of seeds for annual or periodic
seeding. Si nee the costs of seeds for some good forages are rather
high, the development of re-seeding varieties has permitted their use
on a wider scale than would be possible with annual replanting. The
11
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concept of re-seeding plant types has been extended from pastures to
wildlife refuges and habitats.
Some annual species that provide
excellent cover and feed for wildlife could not be used except on very
exclusive hunting preserves if annual seeding was necessary because of
prohibitive costs of the seeds.
The negative side of seed longevity on or in soil is well
known to every gardener, farmer and weed control specialist. Retention of the germinabil ity of seeds in or on the soi 1 for at least
several years in an important and near invariable characteristic of
weedy species. Since most weeds are also prolific seed producers,
even a fair weed population in one season makes a hefty deposit in the
seed "bank" in the soil, which then can be drawn upon to establish a
weed population following a season of near complete weed control. The
well stocked bank of seeds in agricultural soils and their excellent
longevity insure continuance of the farmer•s battle with weeds and
employment for weed control specialists regardless of the structural
changes in U.S. agriculture. It should be noted that good longevity
of seeds of crop varieties in soil contributes to the volunteer
problem with the volunteers acting as weeds.
Much of our knowledge of the 1ongevi ty of seeds in soi 1 has
come from the results of buried seed experiments. In 1879, Professor
W. J. Beal of Michigan Agricultural College (now Michigan State U.)
placed seeds of 23 local weeds in slightly moist sand in bottles and
then buried the bottles in an inclined, upside down position about 20
inches deep in a sandy knoll on the campus. Seeds were retrieved
every 5 years until 1920 and then every 10 years with enough seeds
{bottles) until about 2040 . In 1980- after 100 years- some seeds of
three species were capable of germination : a mallow (Malva rotundifolia) and two mulleins (Verbascum spp.) . Seeds of black mustard and
one of the smartweeds exhibited some germination through 50 years,
while a small percentage of the curly dock and evening primrose seeds
maintained germinability through 70 years. The second classic buried
seed experiment in the U.S. was started by J.W. T. Duvel of the USDA
in 1902. Seeds of 107 crop and weed species were mixed with sterilized soil in porous clay pots, covered with saucers, and buried 8, 22
and 42 inches deep at the USDA, Arlington, VA research farm. Interestingly, the experiment had to be terminated in 1941 (39 years) to
make way for the Pentagon. Some seeds of 51 of the 107 species were
germinable after 20 years, while 36 species were still germinable at
39 years when the experiment was terminated. While many of the seeds
of the 31 cultivated species in the experiment were dead after one
year, a few species exhibited some germination after 20 years: alsike,
red, white and bush clover; celery, Ky. bluegrass, timothy and
tobacco.
Other buried seed experiments were set up by w. L. Goss in
Shafter, CAin 1932, and by Egley and Chandler at Stoneville, Miss. in
1972.
As in the case of the Beal and Duvel experiments, species
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exhibiting the greatest longevity have "hard" seeds or other profound
types of dormancy .
The longevity record (circa 1000 years) for buried seeds is,
of course, the Indian lotus seeds taken from a lakebed in China in
1923 by a Japanese botanist as described in the previous column .
The substantial longevity of seeds buried in soil seems rather
strange at first thought to seedsmen and seed technologist who
associate seed longevity with low moisture content and, secondarily,
low temperature. The moistu re content of seeds buried in soil must be
quite high and remai ns so at least in the eastern half of the U.S.
where rain is distributed throughout the year. As suggested in the
opening section of this column, however, and argued persuasively by T.
A. Villiers (e.g., Seed Ecology, PA State u. Press), the reverse seems
strange to the seed ecologist, viz . , that the life span of seeds is so
long under the unnatural conditions of air storage. Villiers and
associates and others have demonstrated the superior storabi 1 i ty of
fully imbibed seeds, i.e., maximum seed moisture, as compared to air
dry seeds of some species. In all cases the seeds are held from
germination by a primary or induced state of dormancy. The longer life
span of at l east some kinds of seeds in a ful ly hydrated as compared
to air dry condition has important implications in terms of theories
of seed aging.
The Dying Seed
Seed are mortal . Death appears inevitable. But, the terminal
condition does not come about suddenly - except as a consequence of
drastic mechanical or thermal abuse. Rather, there is a transition
phase of some duration f rom life in f ull bloom to death - a stage
which Bob Moore termed the dying seed. While the concept of the dying
seed is not new, its significance in terms of the biological function
of seed has been appreciated only relatively recently, and not fully
even now. Dr. Moore's admonition to seed technologists not to misuse
the terms "dead" and "live" in connection with seeds was set forth in
a beautifully written paper delivered before the Association of
Official Seed Analysts• meeting at Fort Collins, CO in 1963. In "The
Dying Seed" he described the self-arguments and thinking that led to
his many insights into the processes involved in the, 11 hidden transformation of initially sound seeds from a germinative to non-germinative condition ... He related how, "in due time I was to learn that the
division between germinative and non-germinative seeds was frequently
not a precise boundary . I also learned to view seed age from two
aspects, namely chronological and physiological, with physiological
age being the most important ... Others developed similar insights
during the same period, roughly 1955-65, or even earlier, but Dr.
Moore had, perhaps, the strongest influence on the present generations
of seedsmen and seed technologists.
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The concept of the dying seed provided the undergirding for
development of present ideas, insights, and understandings relating to
seed quality evaluation, deterioration, vigor, invigoration, enhancement, and so on . It is now well established that the dying of a seed
is time dependent and involves the progressive impairment of vital
systems until the seed loses its capacity for germination even under
optimum conditions. In the context of function and utility, therefore, the relevant questions regarding the condition of a seed are
whether it is live or dead, and, if live, how alive is it .
The dying of a seed begins at the time it attains physiological maturity and continues at a rate that is greatly influenced by
inheritance, moisture content and temperature . Physiological aging,
or seed dying, can be initiated and/or augmented by such agencies as
as insects, e.g., stinkbug damage in soybeans, mechanical abuse, and
phytotoxic chemicals.
The gradualness of the dying process in seeds is starkly
revealed in the results of periodic tetrazolium {TZ} tests of a
population of seeds. Indeed, the development of the TZ test was a
watershed event in our understanding of seed quality. For Dr. Moore
and many others, including myself, TZ test results were a revelation.
The beginning, localization, spread, progress and terminus of the
dying process are vividly manifest in the shades of red and white of
TZ test practitioners not only read the degree of
the TZ test.
aliveness of seeds, but diagnose the probably inciting agent in drying
seeds: bruises and fractures from mechanical abuse, thermal injury,
insect damage , immaturity, even some minor element deficiencies.
The progress of dying in seeds, or their degree of aliveness,
is manifest in many ways other than the results of TZ test. The
slowing down of germination and growth as a seed dies is displayed in
During the early decades of
the results of germination tests.
organized seed testing, analysts formulated and applied the concept of
germination energy to assess the degree of aliveness of seed lots. In
seed lots with a high degree of aliveness, germination is rapid and
uniform, and growth of the seedlings is vigorous.
As a seed dies it becomes progressively more sensitive to
microenvironmental conditions during germination. Put another way, it
becomes less and less tolerant to environmental stress. Localized and
spreading necrosis of seed tissue provides a foothold for molds which
then establish themselves and accelerate the dying of the seed .
Many readers will have decided by now that for some reason I'm
being coy, if not evasive. Degree of aliveness really is just a kinda
quaint way of saying vigor, while seed dying is deterioration or loss
of vigor. Fair enough, but I do feel that from time-to-time it is
important to take a close look at the process (dying) rather than the
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consequence (loss of vigor) of a matter of great importance to all
interested in seeds.
Factors Influencing the Rate of Seed Dying
The causes of seed dying operate at two levels. Seedsmen are
more aware of and concerned about the external level causes because
they can be controlled. The main external or externally influenced
causes of seed dying are insects, diseases, high seed moisture, warm
temperatures, mechanical damage, chemical injury, and storage molds.
The external causes of seed death interact in just about all possible
Storage molds, for
combinations to determine the rate of dying.
example, are an active cause only when seed moisture is high and the
temperature is warm. Seed moisture, in turn, is related to relative
humidity of the environment.
Many of the actions and procedures in seed quality control and
conditioning have the objective of slowing down seed dying, through
elimination or moderation of external causes. Timely harvest minimizes the exposure of the seed to rain (high moisture), wind and heat.
Drying reduces seed moisture, while aeration reduces seed temperature.
Use of appropriate handling systems and cautions operation minimizes
mechanical damage, while sanitation and related measures prevent
infestation with storage insects.
External causes of seed death sometimes couple with an
internal level cause(s). In "The Dying Seed," Dr. Moore related how
he gained his insight of "natural crushing" as an important cause of
seed death in humid areas. Natural crushing is produced by mechanical
stresses developed during differential intermittent swelling and
shrinkage of the tissues of mature seed. The intermittent swelling is
associated with alternating periods of rain and sunshine. Natural
crushing was first recognized in seeds of soybeans, cotton, peanuts
and other crops grown in humid areas.
It does not occur or is
inconsequential in cereal seeds, e.g. corn, wheat, because of differences in chemical makeup and embryo structure. It is of interest that
in his discussion of natural crushing in soybean seeds, Dr. Moore
touched on most of the factors still being researched. Natural
crushing is more severe in early than in late maturing varieties,
presumably due to wanner temperature. Seeds with 1ight colored seed
coats are more susceptible to natural crushing than those with dark
colored seed coats. Wrinkling of the seed coat is a symptom if not an
associated cause of crushing. Recent studies of black, pigmented and
unpigmented soybean seeds and seeds with wrinkled seed coats with the
scanning electron microscope corroborate many of Dr. Moore •s early
observations.
The internal level causes of seed death undoubtedly couple in
various ways with the external level causes, thus, confounding cause
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and effect.
Certainly they are only poorly understood. Lack of
understanding, however, has never inhibited speculation. Speculation
about the basic cause or causes of seed death, i.e., theories of seed
deterioration, began early and continues to the present, because
that's part, at least, of what science is about. A more practical
reason for grappling with theories of seed dying is to gain a sufficient understanding to prevent or reverse it.
Theories of Seed Deterioration
In a 1965 article in the Newsletter of the Association of
Official Seed Analysts, J. G. Streeter posed this question: "Why does
a seed, which is free from damage, unaffected by microorganisms, and
stored in a desirable environment, lose its ability to germinate?
What Streeter was really asking in a round-about way was: Why aren't
seeds irrmorta 1? Why do they die without apparent reason? He then
went on to surrmarize the answers advanced by others because he was not
the first to address the matter of seed mortality.
11

Nutritional Dysfunction
The nutritive function during germination of the starch, fats
and oils and other materials stored in the endosperm and cotyledons of
seeds has long been known in a general way. It is not surprising,
therefore, that exhaustion of nutritive reserves and/or a change in
their availability were among the first ideas about the dying of
seeds. The idea of exhaustion of reserves might have been prompted by
observations of the extreme loss of seed dry weight and certain
dyi ng during seed rots associated with pre-harvest weathering and
severe storage mold activity. Since it is very evident , however, that
most dead seeds are not rotten and have about the same weight as seeds
still alive, the alternate idea of a change in the reserves from
available to non-available was the more credible. Further, as the
complex reserve nutrients have to be degraded to simpler forms before
they become "available to support germinati on, the problem was
reduced to some dysfunction in the mechanisms for their breakdown into
simpler, usable forms. There was not much evidence to implicate the
reserve nutrients in deterioration of seeds at the time the ideas were
advanced in the early 1900s and very little has been added since then.
Local starvation", Harrington's more recent (1960) version of the
reserves depletion concept of seed deterioration, is much more
intriguing and plausible. Harrington proposed that one cause of loss
of viability in relatively high moisture seeds was exhaustion of
readily available resp i ratory substate without replenishment from the
complex reserves. The level of seed hydration while high enough to
accelerate respiratory activity is not high enough for the hydrolytic
breakdown of reserves into simpler forms and their translocation to
the most active sites of respiration. The local starvation concept
has not received the attention it deserves so its validity is not
11

11

11

11
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established. Certainly, it deserves rigorous examination especially
in view of the prevailing idea that mobilization of the complex
reserves is a post-germination event, or at least, is of post-germination significance, i .e., seedling growth.
In 1915 Crocker and Groves repo rted on a, "method of proThe method was based on their
phesy; ng the 1ife duration of seeds.
idea that deterioration of seeds was the result of coagulation of
proteins. They presented a mathematical model for predicting seed life
based on the rate of "coagulation" of protein" at specific levels of
temperature. Crocker 1ater abandoned his protein coagulation theory
because it was too genera 1. Recent work, however, has estab 1i shed
that proteins are broken down during aging and change in several other
ways . The important thing in seed aging might be loss of the ability
to preserve, activate or synthesize enzymes and structural prote i ns.
Loss of biosynthetic capability is an especially attractive theory of
seed deterioration.
11

Loss of Enzymic Activity
Many researchers have attempted to relate the dying of seed to
the loss of activity of specific enzymes. Correlations - but not
cause and effect relationships -were established between the activity
of catalase, phenolase, glutamic acid decarboxylase, dehydrogenases
and other enzymes, and germinability. The high degree of correlation
in the case of the deghydrogenases combined with a simple type measurement to permit development of the widely used tetrazolium test for
seed viability.
Genetic Damage
The two theories of seed dying that have greatest support are
membrane impairment and genetic damage. The association of chromosomal changes with aging and severe death has been long and well
established. DeVries, one of the giants in genetics, observed in 1901
that o1d seeds of a primrose species produced more abnonma 1 p1ants
than did fresh seed. Similar observations have since been recorded for
a wide range of species. There seems no doubt that mutation frequency
does increase with seed aging. In their classic review of the subject
in 1956, D Amato and Hoffmann-Ostenhof concluded that, "the most
probable causes of loss of germinability are either lethal chromosome
changes brought about by automutagenic substances accumulating during
severe aging or a more general poisoning of the embryo due to accumulation of autotoxic substances . " While the association of genetic
damage with aging and death of seeds is well established, the cause
and effect relationship is increasingly questioned.
The genetic
damage might be a consequence rather than a cause of deterioration.
1
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Membrane Impairment
The most popular theory of seed deterioration is loss of
membrane integrity or membrane impairment. There is abundant evidence
that dysfunction in the reordering of membranes during rehydration or
impairment during storage is closely associated with the processes of
seed aging. Several types of vigor tests are based on measurements of
The
the materials leached from seeds through "leaky" membranes.
causes of membrane damage appear to be lipid peroxidation as first
proposed by Koostra and Harrington in 1969. In the model of 1 ipid
peroxidation advanced by Wilson and McDonald, lipids (fats and oils)
in air dry seeds are autooxidized to hydroperoxides with liberation of
The membranes could be damaged directly by this
free radicals.
process or by free radical transfer to other cellular components. The
hydroperoxides would then be enzymatically broken down during the
early stage of germination with generation of more free radicals and
toxic secondary products both of which are implicated in seed death.
More Work Needed
Much more research is needed to develop a comprehensive,
generally acceptable theory or model of seed deterioration. Such work
. is not only important from the standpoint of increased knowledge about
deterioration of biological systems but also to provide the base for
devising strategies to prevent or at least greatly reduce the rate of
seed deterioration. For some time now, workers have been trying to
slow down the dying of seeds through treatment with anti-oxidants,
inhibitors of lipid peroxidation, and/or scavengers of free radicals.
Even a moderate measure of success would require a lot of re-thinking
about the mortality of seeds .
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PROBLEMS RELATED TO BIN-TYPE DRYERS
G. Burns Welchl
When grain and seeds are dried several feet deep, as done in a
bin, the fan must be capable of delivering the required volume of air
at sufficient pressure (static pressure) to force the air through the
entire layer or volume of seeds. Thus, being able to estimate the
static pressure necessary for forcing a given volume of air through a
layer of seeds is an important factor in selecting a fan for a
bin-type dryer . There are also occasions when someone may wish to
evaluate an existing drying system to determine the volume of air
moving through a volume of seeds or determine the maximum depth at
which seeds can be placed in a bin and have a certain airflow per
cubic foot of seeds . The following problems will illustrate how the
static pressure and airflow can be determined in the design of
bin-type drying systems, how the airflow per cubic foot of seeds can
be determined in a bin dryer while in operation, and how to determine
the maximum depth that seeds can be dried in a bin with any particular
fan and desired airflow.
In all previous literature dealing with airflow in bin type
dryers, the volume of air has been referred to as cubic feet of air
per bushel of grain. The unit bushel often caused some confusion in
the calculations, especially in determining the volume of air per
square foot of floor area which is a necessary value in using Shedd's
chart for determining static pressure . In this paper, the bushel unit
has been eliminated and the airflow will be referred to as cubic feet
of air per cubic foot of seeds. This will simplify the calculations.
A comparison of airflow rates per cubic foot and per bushel of seeds
is shown in Table 1.
Problems
Problem I
(a) Determine the static pressure and total airflow for drying
rough rice 6 feet deep in a round bin 21 feet in diameter if the
desired airflow is 4.5 cfm/cu ft of rice.
!Agricultural Engineer, Ag. & Biol. Engineering Dept., Miss. State
University, Miss . State, MS.
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Table 1.

Comparison of airflow rates.
cfm/cu ft

cfm/ bushel

2

2.5

3

3. 75

4

5. 0

5

6.25

6

7.5

7

8.75
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(b) Select a minimum size fan suitable for this installation.
Analysis of Problem. The first step in the solution of this
problem would be to determine the static pressure necessary to force
the required volume of air through the rice. The static pressure can
be determined by using Shedd •s Chart (Figure 1) . An important point
to notice in using Shedd 1 S Chart is that the vertical scale requires
the airflow to be indicated in cfm per square foot of floor area. The
airflow per square foot of floor is simply the volume of seeds above
each square foot multiplied by the desired airflow per cubic foot of
seeds. For each foot of seed depth, there is one cubic foot of seeds
above each square foot of floor.
Once the static pressure and the required total airflow have
been determined, we then refer to the performance data for different
sizes of fans and find the one that will provide the required airflow
at the computed static pressure.
Solution
1.

Determine airflow per square foot of floor area. This can
be accomplished by the formula: Depth of seeds in feet X
cfm/cu ft ~ cfm/sq ft, 6X4.5 • 27 cfm/sq ft.

2.

Determine static pressure per foot of seed depth. Refer to
Shedd•s Chart (Figure 1).
Find 27 cfm/sq ft on the
vertical scale and then move horizontally until you
intersect the rough rice curve (Point A). From this point,
move downward to the horizontal scale and read the static
pressure dropper foot of seed depth, .58 inches water
column. Determine static pressure for 6 foot depth by the
formula:
Pressure drop/ft X depth of seeds a total static pressure
. 58 X 6 • 3.48 inches water column.

Because the static pressure wi 11 vary with the quantity of
other materials smaller than the principle seeds present in the seed
mass, some designers have found from experience that it is often
advisable to use a safety factor of 1.2 or 1.3 of the value found from
Shedd•s Chart to allow for the additional air resistance caused by the
small foreign material in the seed mass.
Using a safety factor of 1. 3, we get 3. 48 X 1.3 = 4.52 inches
water column.
3.

Determine the total airflow. To find the total airflow,
we must first compute the total volume of seeds in cubic
feet which can be found by using the formula:
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(radius of bin)2 X 3.14 X depth

volume of seeds in cubic
feet
(10.5)2 X 3.14 X 6 • 2077 cu ft of seeds
Now the total volume of air can be determined by the
formula:
Number of cubic feet of seed X cfm/cu ft • total cfm
2677 X 4.5 • 9346 cfm
Specifications of the Drying Fan.
the static pressure and the total airflow,
for selecting a fan that would be suitable
fan must have a capacity of 9346 cfm at a
water column.
4.

=

Now that we have computed
we have the specifications
for this installation. The
pressure of 4.52 inches of

Select a minimum size fan that would meet the above
specifications.

To select a fan, we have to refer to the performance data for
various sizes of fans and select the one that has a capacity equal to
or slightly larger than the given specifications . Table 2 is a
typical example of performance data for six different sizes of fans.
The static pressure is shown in the horizontal column at the
top. Under each static pressure is the volume of air in cfm that each
fan will deliver at that pressure . To select our fan, we look down
the column under 4 inches until we come to a figure near and greater
than our total airflow which is 9396 cfm. The third figure down is
10,300 which is the first greater figure . But our computed static
pressure is 4.52 inches, which is between 4 and 5 inches, so we must
interpolate to find what the airflow would be at 4.52 inches. That is
done in the following manner:
Air Flow

Static Pressure
4 inches
5 inches
Difference

10,300 cfm
9,400
900 cfm

From 4 inches the static pressure 4. 52 is . 52 of the distance
to 5 inches. So:
900 X . 52 • 468 cfm
You will notice that the airflow decreases as the static
pressure increases . Therefore, the 468 cfm will be subtracted from
the airflow at 4 inches. Thus, the airflow at 4.52 inches is:
10,300 - 468 • 9823 cfm actual airflow

CJ)

N

Table 2. CECO Model F Fan Perfonmance Data.
Model

RPM

Free
del.

1 SP

211 SP

3 11 SP

11

CFM at various static pressures
4 SP
5 SP
6 SP
7 SP____ SliSp
11

11

11

11

F18153

1750

3850

3400

2840

2330

F22303

1750

5550

5200

4625

3950

3400

2450

F25503

1750

8100

7550

7000

6400

5700

4750

F27103

1750

13450

12700

11900

11100

10300
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Comparing actual airflow with our total airflow, we see that
9832 cfm is only 486 cfm greater than the required airflow of 9346
cfm. This is close enough to be acceptable. Now, moving to the left,
we find that Model F27103 fan is the one that would be selected .
Problem II
Rice is being dried 7 ft deep in a round bin 24 ft in diameter. The drying fan is a CECO 20 horsepower Model F30203 . Determine
the airflow per cubic foot of seed when the fan is operating.
Analysis of Problem. The airflow specifications for a fan are
specified by indicating the volume of air the fan will deliver at
different static pressures . This information is given in the literature provided with the fan by the manufacturer. The performance data
for the above fan are given in Table 2.
In Table 2 of fan performance data, we can see that the 20
horsepower fan will deliver 18,550 cfm at 2 inches of static pressure,
15,950 cfm at 4 inches of static pressure, and so on to 10,500 at 9
inches of static pressure. So one means of estimating the volume of
air a fan is delivering during operation is to measure the static
pressure the fan is working against and then refer to the table of
performance data and find the cfm for that particular static pressure.
The cfm per cubic foot of rice can then be determined by dividing the
total volume of air by the volume of seed or grain being dried .
Solution
1.

Using a manometer (U tube) measure the static pressure
under the perforated floor of the bin (Figure 2).

2.

We will assume that in this case the static pressure is 5
inches of water column.

3.

Referring to the performance data, we find at 5 inches of
static pressure the 20 horsepower fan will deliver 16,000
cfm.

4.

Determine the cubic feet or rice in the bin .
nr2 X depth of seed • number of cu ft of rice
3.14(12)2 X 7 • 3165 cu ft of rice

5.

The airflow per cubic foot per minute is found by:
Total volume of air + total volume of rice = cfm/cu ft of
rice
16000 + 3165 = 5 cfm/cu ft of rice

(j)
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Figure 2.

Diagram showing how the static pressure can be measured under the floor
of a bin drier . The static pressure is equal to the sum of the r ead ings
above and below zero.

WATER
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Problem III
A metal bin 27 ft . in diameter is equipped with one 20 horsepower centrifugal fan and a perforated floor. The wall height above
the floor is 16 ft. To what maximum depth can the bin be filled with
rice for drying, if an airflow of 5 cubic ft per minute per cubic foot
of rice is desired? Use a safety factor of 1.3 with Shedd•s Chart.
Analysis of Problem.
Here, we have a drying bin and fan
already installed. There is some unknown depth to which rice can be
put in the bin and the fan will force air thro ugh the rice at the rate
of 5 cfm/cu ft . If the depth is less or more than this particular
unknown depth, the airflow will be greater or less than the 5 cfm/cu
ft, respectively. Our problem is to find the particular depth at
which the airflow will be 5 cfm/cu ft of rice.
To solve our problem, we will use the method of trial solutions. In doing this, we will choose some depth and then determine
the static pressure and total volume of air we would have if the
airflow was 5 cfm/cu ft. Once these values are obtained, we would
then refer to the performance data for the fan and find the volume of
air the fan will deliver at the static pressure determined above for
the particular depth chosen . At the maximum depth, the total volume
of air as determined for that depth and the volume of air given in the
performance data for the static pressure at the depth chosen should be
almost equal. If the volume of air required for the depth chosen is
greater than that given in the performance data for the respective
static pressure, the depth is too great.
If the volume of air
required for the chosen depth is less than that given in the performance data for the respective static pressure, the depth is too
sha 11 ow. After determining whether the depth is too great or too
shallow, a new depth is chosen toward the maximum allowable and the
calculations repeated . This process is repeated until the required
airflow and the airflow delivered by the fan are almost equal. When
the airflows are equal, the maximum depth has been found .
Solution. The
given in Table 2.

performance data for the 20

horsepower are

Step 1. To begin our trial solution, we will assume that the
rice is 5 ft . deep and then determine the static
pressure and total airflow for this depth .
A.

Determine static pressure for 5-foot depth and 5 cfm/cu
ft of rice .
(1) Airflow per square foot floor area is:
5 X 5 • 25 cfm/square foot of floor area.
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(2) Refer to Shedd •s Chart and find pressure drop per
foot of depth of seed. On the chart, we find that
for 25 cfm/sq ft , the static pressure is .52 inch
per square foot of depth.
For the 5-foot depth, the static pressure is :
.52 X 5 • 2.6 inches.
(3) Using a safety factor of 1.3 , the total static
pressure becomes: 2.6 X 1.3 = 3.38 inches of water
column
B.

Determine the total air volume for the 5- foot depth of
rice.
(1) Fi nd vo l ume of rice in bin.
(radius)2 X 3.14 X depth = number of cubic f eet
(13.5)2 X 3.14 X 5 = 2861 cu ft of r i ce
(2) Find total volume of air.
2861 X 5 = 14306 cubic feet per minute

C.

We have found that for the 5-foot depth of rice the
required stati c pressure and tota 1 vo 1ume of air are
3.38 inches and 14306 cfm, respectively. Our next step
is to refer to the fan performance table and find the
amount of air the fan will deliver against 3.38 inches
of static pressure.

Looking at the fan performance table, you will see that the airflow
for 3.38 inches of static pressure is not given. We must interpolate
between 3 and 4 inches of static pressure. Th i s is done i n t he
following manner:
Static Pressure

Air Flow

3 inches
4 inches
Difference

17,850 cfm
16,950
900 cfm

Now, from 3 inches static pressure, 3.38 is . 38 of the
distance to 4 inches static pressure. So: 900 X .38 = 342
You will al so see that as the static pressure increases, the
vo 1ume of ai r decreases. Therefore , the 342 cfm wi 11 be subtracted
from the ai rflow for 3 i nches of static pressure. Thus, the airflow
for 3.38 inches of static pressure is:
17,850- 342

=

17,508 cfm actual airflow
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Comparing the actual airflow and the required air, we see that
the actual airflow is greater (17,508 > 14,306). This means that the
depth of rice in the bin could be increased. So, we would assume a
greater depth and work through the same procedure again.
Step 2.
A.

Assume a depth of 6 feet.

Detenmine static pressure for 6-foot depth and 5 cfm/cu
ft.
(1) Airflow per square foot of floor area is 5 X 6 = 30
cfm/sq ft of floor area.
(2) Referring to Shedd 1 S Chart, the static pressure per
foot of depth is .62 inches.
(3) For 6-foot depth, the static pressure is .62 X 6 =
3.72 inches.
(4) Using a safety factor of 1.3, we get:
3.72 X 1.3 • 4.836 inches of water column, the total
static pressure

B.

Detenmine the total air volume for the 6 foot depth of
rice.
(1) Find volume of rice in bin
(13.5)2 X 3.14 X 6 • 3,433 cu ft of rice
(2) Find volume of air
3,433 X 5 • 17,165 cfm

C.

The static pressure and required airflow for 6-foot
depth of rice are 4.83 inches and 17,165 cfm, respectively.
(1) Refer to fan perfonmance table and interpolate.
Static Pressure
4 inches
5 inches

Air Flow
16,950 cfm
16,000
950 cfm

Difference
950 X .83 = 788
16,950- 788 • 16,162 cfm actual airflow at 4.83
inches static pressure.
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(2) Comparing the actual airflow with the required
airflow, we find that the actual airflow is less
than the required airflow (16162 < 17165) . This
tells us that the 6-foot depth is too much. We now
se 1ect another depth between 5- and 6-foot depth
and solve again.
Step 3.

Assume depth of 5.75 feet.
A.

Determine static pressure for 5.75-foot depth
and 5 cfm/cu ft.
(1) Airflow per square foot of floor area is:
5.75 X 5 = 28.75 cfm/sq ft of floor area
(2) Referring to Shedd•s Chart, the static
pressure per foot of depth is .60 inches .
(3) For 5.75-foot depth , the static pressure i s
.60 X 5. 75 • 3.45 inches
(4) Using safety factor of 1. 3, we get:
3.45 X 1.3 • 4.48 inches of water column ,
the total static pressure

B.

Determine the total air volume for the 5.75foot depth of rice.
(1) Find volume of rice in bin.
(13 . 5)2 X 3. 14 X 5. 75 = 3290 cu ft
(2) Find total vo lume of air .
3290 X 5 • 16450 cfm

C.

The static pressure and required airflow for
5.75-foot depth are 3.48 inches and 16450 cfm,
respectively.
(1) Refer to fan performance table and interpolate.
Static Pressure
4 i nches
5 inches
Difference

Air Flow
16,950 cfm
16 , 000
950 cfm
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950 X .48
16,950- 456

=
=

456
16,494 cfm actual airflow at
4.48 inches of static
pressure.

(2) At the 5.75-foot depth, the required airflow
is 16,450 cfm while the actual airflow is
16,494 cfm. Thus the actua 1 airflow is 44
cfm greater than the required airflow. With
the two values of airflow this close, we can
say that the maximum depth wou 1d be 5. 75
feet.
Supplemental Heat and Heater Capacity
The following problems pertain to determining the amount of
heat needed to increase the temperature of the drying air and how to
estimate the heating capacity of the heater required.
During periods of high humidity (75% RH and above), the drying
rate can be increased by raising the temperature of the drying air
which will, in turn, lower the relative humidity of the drying air.
Questions often asked are: (1) to what temperature must the air
temperature be increased in order to lower the relative humidity to
some desired percentage, and (2) how to determine the amount of heat
and size of heater necessary to increase the air temperature to the
desired level.
The following problem will illustrate how these
determinations can be made.
Problem IV
During the fall harvest season, the weather is damp.
The
dry-bulb temperature is 70F and the relative humidity is about 85%.
With these conditions, to what temperature would the air temperature
need to be raised to lower the relative humidity to 50%?
Analysis of Problem.
Here we have a condition of high
humidity and wish to lower the relative humidity by increasing the air
temperature. One may wonder why an increase in the air temperature
will cause the relative humidity to decrease. This occurs because air
will expand in volume when heated and will, thereby, increase the
water holding capacity. Since the actual amount of moisture in the air
during heating remains constant while the water holding capacity is
increased, the percent relative humidity will decrease.
Thus, the
heated air is capable of absorbing more moisture as it flows through
the layer of seed and will increase the rate of drying.
Solution. To find the temperature to which the air temperature will be increased, we will use a psychrometric chart.
The
solution is obtained in the following steps illustrated in Figure 3.
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1.

Find present air temperature 70F on bottom horizontal
scale.

2.

Move up vertically to the point representing 85% relative
humidity midway between the 80 and 90% relative humidity
curved lines.

3.

From the point found i n Step 2, move horizontally to the
right to intersect the desired relative humidity percent
line, 50%.

4.

From the point of intersection found in Step 3, move down
vertically to the horizontal temperature scale and read
87F. The temperature to which the air temperature must be
increased in order to lower the relative humidity to 50%.

If the heater in a drying system is controlled by a humidistat, it will maintain whatever temperature is necessary to low the
relative humidity to the desired level.
Problem V
A 20 horsepower fan is delivering 16000 cfm of air to a drying
bin.
(a) How much heat is needed to increase the air temperature
from 70F to 90F?
(b) If the gas heater is 80% efficient, what would be the
input rating of the heater?
Analysis of Problem. The unit of heat is the British therma l
unit, BTU. The capacities of heaters are expressed as the number of
BTU input or output per hour. Thus, the problem is to determine the
number of BTU needed per hour to raise the air temperature 20F. This
would be the output rating of the heater.
Solution.
(a)

The amount of heat needed to raise the temperature of
16000 cfm of air 20F can be determined by the
following formula :
cfm x temp. difference x 1.08 = BTU/hour
16000 X 20 X 1.08 = 345,600 BTU/hour
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(b)

The number of BTU determined in part (a) above would
be the output of the heater. The BTU input can be
found by dividing the output by the efficiency. Thus,
we have:
output
• input
efficiency

345600

• 432,000 BTU/hour output rating of heater

80%

A heater of this size or larger would be needed.
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COTTONSEED QUALITY CONTROL ASSURANCE

Charles C. Baskinl
Introduction

The indeterminate fruiting habit of the cotton plant makes the
production of seeds with a high germination and high physiological
quality difficult. This is much more of a problem in the humid areas
where ra i nfa 11 during harvest may be frequent or sparse than in the
arid areas where ra i nfa 11 during harvest is very infrequent. Fie 1d
exposure of seeds in open bolls can result in very poor quality seeds.
Even in arid areas, it is desirable to harvest with a minimum amount
of field exposure.
Field Selection

Production of good quality cottonseeds begins in the field
before planting.
Field selection is important from several standpoints. One factor is weed problems. Field selection should include
consideration of the weed situation (history). Weeds contribute to
problems in several ways:
(1) They reduce yield.
(2) They can interfere with harvest. Often weeds will rema; n
green when cot ton has been defo 1i a ted and is ready for
harvest.
The green material can affect the moisture
content of seeds, particularly when seed cotton is moduled
and held for several weeks before ginning. Moisture will
move from green p1ant materia 1 to seed cotton and can
cause heating which can reduce seed quality.
(3) Weed seeds, cocklebur in particular, are very difficult to
remove from cottonseeds.
Acid delinting will allow
removal using a gravity table. However, it is best not to
have cocklebur in cottonseeds. Where cocklebur plants are
few, pu 11 i ng them out by hand is a good practice. Even
though this may be expensive, it could prevent cocklebur
contamination of cottonseeds.
!Agronomist and Professor, Seed Technology Laboratory, Miss. State
University, Miss. State, MS.
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Field selection is important from several other standpoints.
One of the primary things to consider is harvesting. Uniformity of
the field is reflected in uniformity of crop maturity . Non-uniform
soil types, low spots, etc., make the crop maturity uneven. This may
mean some areas will open earlier or later than others. There may be a
few "green spots" at harvest time which create the same problems as
green weedy spots from a green plant material standpoint. Uniformity
of cotton plant maturity and boll opening at harvest can greatly
enhance the harvest of good quality seeds.
Defoliation
Defoliation improves drying conditions and makes harvesting
easier. When harvesting for seeds, timing of application of defoliant
is much more critical than when lint is the only consideration.
Defoliating too early will greatly increase the amount of inmature
seeds. Actually cottonseeds are capable of germination at 22 to 25
days after bloom opening, but will produce weak seedlings at this
stage of maturity. Seed germination decreases as the age of the boll
decreases and the quality of the inmature seeds is lower. In general,
bolls that are 40 days old or older contain seeds that are mature
enough to be strong and high germinating at the time of defoliation.
When bolls have accumulated a minimum of 750 DO, 60's is a good point
to check maturity. Do not let this be the ~ basis for deciding to
defoliate. Cutting bolls that are questionable in maturity may help
make decisions about timing defoliation. The seedcoats may be quite
thin, but if they appear as a thin brown line around the seeds, the
boll is mature enough that fiber quality will not be reduced by defoliation. One rule of thumb is to apply defoliant when 60% of the
bolls are open. However, this percentage may be lowered to 50% if
good management practices have been followed throughout the season,
80% of the bolls are set on the first two positions, and there is a
fairly even distribution of fruiting branches with bolls set. Defoliants are most effective when applied in the early morning or late
afternoon when humidity is high, winds calm, and temperature above

GOOF.

Timing Harvest
The longer cotton stays in the field after bolls have opened,
the more seeds are exposed to weathering.
Weathering lowers seed
quality. The bolls lower on the plant open first before plants have
been defoliated. Temperatures are usually quite high at this time and
relative humidity is high in the plant canopy.
These two factors
accelerate seed deterioration . Seeds from bolls on the lower part of
the plant are generally low in quality if they germinate at all. Seeds
from bolls in the middle part of the plant are exposed to weathering
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for less time, therefore, are generally better quality than seeds from
bolls from the lower part of the plant. Seeds from bolls from the
upper part of the plant are more likely to be somewhat immature and
will generally be lower in quality than seeds from mid-plant bolls.
The detrimental effects of field exposure have been well
documented.
Caldwell and Parker (1961), studying environmental
effects in the Mississippi Delta, found that seeds germinated 79% one
week after boll opening, 64.5% three weeks after opening, and 54% six
weeks after opening. Relative humidity and/or ambient temperature are
high in the Delta.
The same trends were reported by Texas A&M
University in USDA Production Research Report No. 135. This report
also noted temperature/humidity relationship. When temperatures were
in the 80-850F range and relative humidity did not exceed 75%, there
was virtually no change in germination after 28 days field exposure.
However, when relative humidity exceeded 75%, germination declined
significantly after 21 days field exposure.
Seed Cotton Moisture Content and Storage
Seed cotton should be dry - 12% moisture or less - at picking.
It makes no difference if cotton is to be on tra i 1ers for a short
period of time or moduled. Dry seeds and seed cotton are a must for
good seed quality. Seeds at 12% or less moisture are less likely to
be damaged by pickers and gin saws.
In the event of
Covers should be available for trailers.
rain, cotton should be protected as much as possible. Covering of
modules is a necessity to prevent damage from rain. Modules must be
placed in well drained areas until they can be ginned.
Monitoring temperatures in modules is necessary if seeds are
to be saved. If temperatures exceed 1QQOF, the value of the seeds for
planting becomes questionable.
The single, most important factor affecting seed quality in
storage of both seed cotton and cottonseeds is moisture.
Other
factors contribute to qua 1i ty; however, their effect is superimposed
on the effect of moisture, thus other factors modulate, but never
supersede the important effect of moisture (Altschul, 1948). The
indeterminate fruiting habit of the cotton plant results in variation
of maturity of bolls, thus there is a wide variation in seed moisture
content. Irregular maturity of plants within fields, green material
from cotton plants, and weeds all contribute to problems with moisture. Moisture will migrate from damp lint, green material (plant
parts) and other seeds to drier seeds, thus, what might appear to be
dry seed cotton may heat, causing seed damage and loss of viability.
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The variation in seed cotton moisture as related to days after
boll opening was determined by Sorenson and Wilkes (1973) and is
presented in Table 1.
The presence of high moisture foreign material is much more of
a problem in the southeastern areas where plant growth is irregular,
re-growth after defoliation sometimes occurs, and green weeds may be
present at harvest. Sorenson and Wil k.es ( 1973) measured moisture
transfer from foreign material at different moisture contents and in
different quantities to seed cotton and cottonseeds (Table 2). This
study clearly demonstrates the moisture problems that can be created
when seed cotton contains green material.
Seed cotton is quite often stored in trailers for several days
after picking. Heating can be a problem.
Griffin and McCaskill
( 1964) observed temperatures up to 1400F when seed moisture content
was 16.4%. They concluded that trailer storage was not safe unless
cottonseed moisture was 10% or less. Cooling and drying in trailers
are not practical.
A USDA/ ARS sponsored study (USDA 1965) concluded that seed
cotton at low moisture content could be safely stored in the field on
well drained sites without covers in the High Plains (West Texas) but
in areas where even limited rainfall occurred, seed germination was
drast i ca 11 y reduced.
Numerous other studies where seed cotton was
stored in mechanically packed modules on pallets have reached essentially the same conclusion - seed cotton at 10% or less moisture with
little or no green foreign material can be stored at densities of 12
to 14 lbs. per cubic foot without any problems provided adequate
protection is provided from precipitation and the storage site is well
drained. (Baskin, 1976, Roberts, et !!· 1974).
Picker Adjustments
Adjust pickers according to the manufacturers recomnendations. Check. adjustments regularly to make sure machines are operating properly.
1

Adjust doffers to within 1/64 of an inch of the spindles and
never let them touch the spindles.
Align picker bars by the use of a machine. One bar not in
height al ignment makes it impossible to adjust doffers correctly .
Adjust moistener pads to clean the complete spindle. Use only
enough water or water and wetting agent to keep spindles clean. Too
much or too little water will result in poor doffing.
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Table 1.

Component

Variation in moisture content of individual seeds, composite
samples of seeds in individual locks and individua l bolls at
0, 4, 12, 16 and 20 days after bol l opening . !
0

Da.z:s Af ter Boll O~ening
4
8
12
16

20

-----Range i n Moisture Content Percent---- -Seeds

10- 22

11-21

10- 16

10-13

8- 13

8-12

Locks

10- 21

12-20

10-12

10-17

8-11

7-11

Bolls

14- 17

11-18

10-12

10-12

9- 11

8-11

1After Sorenson and Wilkes 1973.

JJ
0

Table 2.

Effect of storing seed cotton w1th different amounts of foreign material (stems, leaves, and other plant
parts) on changes in mot sture content of t he seed cotton and seeds.

Motsture Content of
Foretgn Matertal
at Start of Storage1

Foret gn
Hat ertal
t n Stored
Seed Cott on

Mo t stu re Content of Seed Cotton and Seed
Seed cotton
Cottonseeds
Start of
End of
Start of
End of
Storage
Storage
Storage
Storage

Mo i sture Content
of Foreign
Mater ia l at
End of Storage

------------ ------------------------------%---------------------------------------------5
10
15
20
25

8.0
8.0
8.0
8.0
8. 0

11 . 5
15.4
18. 5
20 . 9
24.6

9.1
9.1
9.1
9.1
9.1

12 . 7
17.2
21.2
24.5
28.0

19.5
29.5
24.5
46.2
49. 4
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5
10
15
20
25

6. 9
6.8
7.0
7. 2
7.0

9. 1
10.4
14.4
16.4
18. 2

7.8
7.6
7.8
7.8
7.7

10.2
12.8
15.7
18.5
20.6

14.0
19.5
25.6
30.0
31. 1

46

5
10
15
20
25

6. 9
6. 9
7. 0
7.1
6.8

8.6
10.0
11.2
12 . 5
12.8

7.8
7.7
7.8
7.8
7.7

9.7
11.4
12.7
14.4
14.6

13 .8
16.6
18.8
21.7
22 . 7
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1seed cotton samples containi ng forei gn materta l w1th an 1n1t1al moisture content of 80% were stored for 42 days.
Samples conta i ntng foret gn mater t al wtth t ntttal motsture contents of 65 and 46% were stored for 28 days.
After Sorrenson and Wilkes.

1973.
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Use minimum pressure on pressure plates for the first picking
to leave green cotton on stalks. Green seeds are more susceptible to
impact damage, which reduces quality.
Keep belts tight at all times .
When replacing belts, use
proper sizes .
Never speed up fans by changing pulleys.
Operate
picker drums at reconmended speeds. Check speed of the picker head
anytime the power unit of the picker has changes in carburetor setting
or governor linkage made.
Ground Speed:
Synchronize ground speed and head speed for
best picking efficiency. This practice reduces mechanical damage and
results in highest lint quality.
Keep Pickers Clean:
Check conveying systems severa 1 times
daily. Keep doors and fan housings free of mud and trash . Reducing
the size of openings in the conveying system increases velocity of air
movement. This reduces picker efficiency and increases seed damage.
Check spindles at each dumping to remove any buildup on them.
Ginning
Gin as soon as possible after picking. Adjust gin speeds and
gin saws to keep mechanical damage to seedcoats to 12~ or less. Cut
and cracked seedcoats lower genmination of seeds, but even more
important, when seeds are acid delinted, acid will enter these
openings and damage the embryos. Embryos of severely mechanically
damaged seeds wi 11 be so badly acid burned that they wi 11 not genminate.
Drying and Aeration
Drying cottonseeds is not pract 1ced except for sma 11 quantities for research purposes. The general practice is to harvest cotton
as dry as possible, measure seed moisture content after ginning and if
it is not acceptable for storage, send the seeds to the oil mill. Seed
moisture contents of 10 to 12~ or less are usually acceptable. Whether
10 or 12% is a maximum acceptable level depends on the preferences of
the individual and, to some extent, the capacity of aeration in
storage. With proper aeration, cottonseeds at 12% moisture can be
safely stored.
Cooling cottonseeds as they come from the gin, then maintain; ng the seed mass under conditions that wi 11 prevent hot spots and
moisture migration, is necessary to prevent loss of quality. The most
economical means of maintaining cottonseeds at safe storage temperatures is by aeration (Cherry, 1976).
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Aeration systems to be used for planting seeds should be
designed for planting seeds. High air flow rates are necessary for
planting seeds. These may be as high as 20 ft3. min/ton but should
not be less than 10 ft3. min/ton as compared to 2 ft3 min/ton for oil
mill storage (Smith, 1975).
The general practice in cottonseed aeration is to draw air
down through the seeds because the natural tendency for air movement
is upward from the warm seeds to the cool upper surface is in part
offset. The warm, moist exhaust air in early aeration is expelled in
the lower part of the storage bin and possible condensation at the
cooler upper surface is prevented. Also the operator can detect any
offensive odors in the exhaust air (Cherry, 1976).
Smith (1975)
suggests a manifold aeration system for planting seeds. The advantages of this system are:
(1) Aeration can be started as soon as enough seeds are placed
in storage to cover one or two ducts to a sufficient
depth.
(2) As additional seeds are in storage and more ducts are
covered, additional slide gates can be opened.
(3) If an area is not cooling sufficiently or a hot spot
deve 1ops, a 11 gates can be c1osed except the one in the
trouble spot and all of the air can be directed through
that area.
(4) Adjustments can also be made for selective removal of
cottonseeds from the storage area.
After gin heat has been removed , temperatures of 8SOF or lower
at a relative humidity of 80% or less are recommended for aeration. A
final seed mass temperature of 50 to ssoF is desirable for planting
seeds.
Some drying may occur during aeration; however, the rate of
moisture removal at these air flow rates i s too slow and is insufficient for drying high moisture cottonseeds.
Evaluating Seed Quality
There are numerous tests for evaluating seed quality. Some
tests employ speed for a quick estimate while others may be more
accurate but require more time and labor.
The cutting test is for a very quick estimate of germination
of gin run cottonseeds. With experience, a fairly good estimation of
germination can be obtained. The tools for the cutting test are a
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cutting bar or some other means of holding the seeds in place and a
cutting instrument . Randomly select 100 seeds from the sample, place
i n the bar, cut and evaluate the cut seeds . The immature seeds are
readily recognized as are the very dark colored seeds . The dark seeds
are not genminable. The good seeds have a whitish to yellowish green
color. When seeds appear brown to brownish-yellow, the quality is
poor and they probably won't genminate. The difficulty in evaluation
i s with seeds that are marginal.
Visual mechanical damage should also be used in evaluating
seed quality, especially where seeds are to be acid delinted. Cut or
cracked seedcoats will allow the entry of acid which can severely
damage the embryos or even kill the seeds . Hand acid delinting a
sample of gin run seeds and randomly selecting 200 to 400 seeds f or
eva l uation i s generally adequate. Some type of magnification and a
good light i s necessary for evaluation .
Damaged seeds may be classified as to the severity of damage.
This is important because the more severe the damage, the greater the
chance the seeds are of no value . The following classification is
suggested:
No damage -

seeds with completely intact seedcoats.

Pinhole damage- seeds with only one or two small (pinhole)
punctures in seedcoats.
Minor damage - seeds with seedcoats cracked or cut, but not
severely; damage primarily to the chalazal end or
on sides.
Major damage - seeds with large cuts or ruptures in the
seedcoats, part of the seedcoat missing, cotyl edons exposed, or damage to the radical end of the
seeds .
Seedcoat maturity is also an important characteristic in seed
quality. Immature seeds are not as high in quality as mature seeds.
There are differences i n the color of mature seeds depending on
variety. Seedcoat color will range from brown to black . Thickness of
seedcoat will also vary with variety. One must be familiar with the
color of the mature seeds of the variety in question.
Even then,
slightly immature seeds may be difficult to detect; however, the real
problem is the grossly immature seeds with the white or very light
seedcoats. These can be visually separated in a hand acid delinted
sample. The number of immature seeds in the sample selected for
mechanical damage evaluation will generally be satisfactory fo r an
estimate of the number of immature seeds.
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Maturity is also detected in the cutting test. This, combined
with seedcoat evaluation, should give a good estimate of maturity of
the sample in question.
The standard germination test is basic in an evaluation
program. Everything else revolves around germination. If germination
is not up to the standards set, then nothing else matters. Germination may be acceptable, however, and the seeds still not suitable for
conditioning or for marketing. The standard germination tests should
be conducted according to the Association of Official Seed Analysts,
Rules for Testing Seed. Copies of the Rules are available from the
Secretary-Treasurer of the AOSA.
The tetrazolium test is an enzyme reaction in which live
tissues stain red and dead tissues do not stain. It can be used to
estimate both seed germination and vigor and can be a very useful tool
in determining the nature and extent of seed quality problems during
harvesting, conditioning, storage, and distribution.
The basis for viability and vigor evaluation involves the
location, identification and appraisal of sound, weak or dead embryo
tissues as these tissues relate to seedling development, overall
strength of the developing seedling and the possible influence on
1ength of 1i fe of the seeds in storage. The analyst must have a
knowledge of seedling structure, what constitutes normal and abnormal
seedlings and what parts of the embryo develop into the respective
seedling structures.
In the preparation of seeds for staining, the seedcoat and the
membrane surrounding the embryo must be removed before placing them in
the tetrazolium solution .
It is necessary to condition seeds by
softening the seedcoats before attempting to remove them.
Gin run (fuzzy) seeds should be soaked in water for 12 to 18
hrs. (overnight). Place the sample to be tested in a container and
cover with water and let it stand at room temperature until ready for
Seeds that have been flame delinted or acid
seedcoat removal.
delinted are best conditioned by rolling them in wet germination
towels for 12 to 18 hrs. (overnight). Soaking acid delinted seeds in
water may result in an enormously low estimation of germination i f
there is an acid residue on the seedcoats. This does not appear to be
a problem when seeds are rolled in towels.
The removal of the seedcoat and membrane is best accomplished
using sharp, pointed tweezers. Hold the seed between the thumb and
index finger and remove the seedcoat beginning at the chalazal end. As
the seedcoat is removed, drop the embryo into a container of water.
This will help loosen the membrane. When seedcoat removal is completed, remove the membrane, taking care not to break the radicle or
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otherwise damage the seed with the tweezers .
water.

Place the seed back in

When membrane removal i s completed, drain water from seeds,
cover with tetrazo 1i um so 1uti on and p1ace in an oven at 4ooc for 1
hour , then drain the tetrazolium solution from the seeds and rinse two
to three times in cold water. Cover seeds with water. If evaluation
is not made immediately, or you have several samples to evaluate ,
seeds should be placed in an ordinary refrigerator . They may be held
up to 24 hrs. under refrigeration, if necessary.
Evaluation should be done under magnification and good light.
Combination fluorescent light and magnifying lenses are available and
are suggested.
In the evaluation process, the embryos must be
thoroughly examined, especially the radicle. The cotyledons shou l d be
parted with tweezers in order to see the ent i re radicle. Cutting the
embryo with a single edge razor blade can be helpful in evaluation.
This allows you to "see" inside the embryo, if necessary.
The most desirable color for cottonseeds is a dark pink to
light red. Darker seeds may also be genminable. Genminable seeds are
completely stained; have dead or weak tissue over less than one-third
of the cotyledonal area; have slight, small dead areas over the
cotyledons or the chalazal end; radicle tip only may be dead. The
radicle tip in a good seed may be quite dark because this is an area
of high metabolic activity and the small amount of tissue allows
deeper penetration of the tetrazolium solution resulting in a dark
appearance. This should not be mistaken for weak tissue.
Non-germinable seeds include those with one-third or more of
the radicle unstained; those with more than one-third of the cotyledonal tissue unstained; those stained very dark red to purplish red;
those stained grayish red or milky in appearance; and, those completely unstained. The very dark or milky seeds may also be somewhat
soft and flaccid. Immature seeds may stain a desirable color, but may
be somewhat soft and flaccid and the cotyledons are beginning to
unfold or are nearly unfolded. If these seeds germinate, they will be
weak and of little value.
The conductivity test is being used by some seed companies.
This test measures the electrical conductivity of water in which seeds
have been soaked. As seeds deteriorate, cell membranes begin to break
down.
This allows cellular contents to "leak."
The electrical
conductivity of the steep water from deteriorated seeds will produce a
different reading than that from high quality seeds.
Mechanical damage to a seed will also result in more material
being leached into the steep water, thus a seed with a damaged
seedcoat would give a reading similar to that of a deteriorated seed
without mechanical damage.
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Seed treatment materials, fungicides and insecticides, may
also affect the amount of materials in steep water, thus affecting
conductivity readings.
The equipment for measuring conductivity is highly specialized
and sophisticated. Machines capable of measuring conductivity of as
many as 100 cells at a time with digital readout and printout are
available . Specific instructions for seed preparation, operation and
interpretation for specific models come with the instruments .
Research by Hopper (1981) indicated that conductivity was
related to germination, emergence potential and early seedling growth .
Free fat acidity is used quite extensively as an index of seed
quality . This test is based on the breakdown of fats and oils to
fatty acids and glycerol as seed deterioration progresses. Free fatty
acids usually build up under high temperatures and high seed moisture
conditions. Once seeds are dry - 10% moisture or 1ess - free fatty
acids will not increase. The level might actually decrease slightly0.1% or so- when stored under cool, dry conditions. Deterioration,
however, is not always accompanied by an increase in free fatty acids.
A seedlot may germinate poorly or not at all and be well below
Free fat acidity is best used to indicate
variation among seedlots, or to detect variation in seed quality and
possible problem lots. The 1. 0% level of free fatty acids is the most
common acceptable level for seeds; however, as has already been
mentioned, seeds well below 1.0% may be of poor quality. On the other
hand , seeds at 1.5% free fatty acid may be acceptable for planting .
There may be times when most of the seeds available are above 1.0%
free fatty acid and there is no choice but to save these.
1. 0% in free fatty acidity .

An example of when to use free fat acidity is: if seeds are
being checked as they are transported to a warehouse for storage and
free fat acidity is regularly in the range of 0.5 to 0.8% and suddenly
samples begin to run 1.2 to 1.5%, these seeds should be rejected or at
least stored in a separate area until they can be further evaluated .
Certainly seeds that are high in free fatty acids should not be
carried over to the next planting season.
The solvent method of extracting oil is not practical for most
seed companies; however, there are hydraulic presses available that
will extract small quantities of oil. These are quite suitable for
most seed companies. In addition to an oil press, other equipment and
supplies are needed.
Low temperature germination, referred to as the Cool Germination Test, can also be used as an indication of physiological quality .
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As indicated by its name, this test subjects seeds to cool, wet conditions and is intended to represent cool, wet field conditions. One
major difference, however, is the absence of the soil borne organisms
that cause seedling rot and seedling diseases . The test does measure
differences in seedlots and provides information of value and has a
place in a seed program.
This test will require the maintenance of a constant 18C
(64 . 40F) + o. soc . Maintaining constant temperature is essential . If
the temperature is allowed to fluctuate up to 2ooc (680F), much of the
effects of the test will be lost.
Preparation of seeds for testing is the same as for a standard
germination test; seeds are rolled in moist germination towels .
Generally, 200 seeds from each lot are tested in four replications of
50 seeds each. Rolled towels are placed on end (upright) in a wire or
plastic mesh container or plastic crisper with a cover . If a dry
cabinet is used, cover containers to prevent towels from drying during
the test.
Only one count is made on the seventh day.
All normal
seedlings having a combined root/hypocotyl 1ength of 1 1/2 inches or
1onger are counted. The root/hypocotyl measurement is made from the
tip of the radicle (primary root) to the point of attachment to the
cotyledons. These are considered the vigorous or strong seedlings.
This test should be used only on seeds that have been delinted and
treated with a fungicide. It should not be used for gin run seeds .
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COTTONSEED VIGOR AND PERFORMANCE
Norman

w.

Hopperl

The quality of planting seeds is one of the most important
factors affecting the performance and productivity of most agri cultural crops .
The technologically advanced, capital intensive,
economically complex situation in business (whether seed production,
conditioning, farming, etc.) today demands that every precaution be
taken to minimize errors.
As more sophisticated precision planters and planting techniques become available, each viable seed will be expected to emerge
and produce to its maximum genetic potential.
Potential field
performance must be known prior to planting; therefore, the demand has
increased for accurate and reliable methods for ascertaining seed
quality. This is made somewhat difficult due to t he uncertainty of
climatic and soil conditions to which the seeds will be subjected. It
therefore becomes necessary to select seedlots for planting which have
high emergence and survival capabilities under adverse conditions.
Def1 n1 t1 ons
Seed quality may be defined as 11 those seed properties .. that
make it desirable for its intended end use - food, feed, planting,
etc . From an agronomic viewpoint, seed quality would largely refer to
seed viability and vigor. Copeland and McDonald have defined seed
viability as 11 Alive . .. This indicates that a seed contains structures
and substances including enzyme systems that give it the capacity to
germinate under favorable conditions in the absence of dormancy. The
Association of Official Seed Analysts (AOSA) has defined vigor as,
11
those seed properties which determine the potential for rapid,
uniform emergence and development of normal seedlings under a wide
range of field conditions... A major difference in these two definitions is that vigor gives an indication of what might be expected from
the seeds in the field under adverse conditions (which usually
exists), whereas, viability is a measure of seed/seedling performance
under optimum conditions.
!professor, Department of Plant and Soil Sciences, Texas Tech. University, Lubbock, TX .
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A seed will either be viable or non-viable. Obviously, it is
only those seeds that are viable in which varying degrees of vigor can
be expressed (Figure 1) . It is generally accepted that seed viability
and vigor reach thei r maximum at physiological maturity and then
subsequently decline (Figure 2) .
In addition, as deterioration
occu rs, vigor begins to decline earlier (Figure 3). This indicates
that seeds with relatively high levels of viability may not necessarily have acceptable levels of vigor. It then becomes the responsibility of a 11 who hand 1e the seeds to do so in such a way to minimize
this rate of viability/vigor loss.

Importance of Seed Vigor
The vigor of any lot of seeds is important to all of those who
wil l be producing, conditioning, selling, and using the seeds for
planting purposes.
First, the seed producers (breeders and /or
breeding institutions) are vitally concerned with seed vigor in that
they want to produce and market only high quality seeds.
In our
competitive marketplace, this is the only way that seed companies
remain in business. Secondly, conditioners of seeds do not want to
invest money in the cleaning, sizing, treating, and bagging of seeds
that are of poor quality. If they are aware that a seedlot is of such
quality as to be unsuitable for planting, they can move it into
various food or feed channels before investing any additional money in
conditioning. Finally, the farmer is interested in the vigor of the
seeds he will be planting. This information will be useful to him
relative to the cost of the seeds, when to plant, planting rate, etc.
Thus, all individuals associated with planting seed from its production to its ultimate planting in the field should be concerned with
information relative to its vigor.

Seed Vigor Tests
The AOSA has placed vigor tests into three categories: (1)
seedling growth and evaluation, (2) stress, and (3) biochemical. For
any vigor test to be of value, it must satisfy a number of criteria
not the least of which is providing useful information relative to
field performance (emergence, stand establishment, etc.).
If a
producer can obtain a good stand (with an adequate number of plants
per acre, a uniform spacing of plants, and healthy plants), his yield
potenti al will certainly be increased.
We have conducted a number of laboratory tests on cottonseeds
and correlated them with actual field performance. Laboratory tests
have included the following:
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Relationship between seed quality and deterioration.
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1.

WGT -4

- Wanm genmination test counted after 4 days

2.

WGT-7

- Wanm genminat1on test counted after 7 days

3. CGT

- Cool genmination test

4.

W4C

- WGT-4 + CGT

5.

W7C

- WGT-7 + CGT

6.

CT

- Cold test (developed by Dr. Gay Jividen of
Cotton, Inc.)

7.

W4CT

- WGT-4 + CT

8.

W7CT

- WGT-7 + CT

9.

CGTCT

- CGT + CT

10. AA

- Accelerated aging

11. FFA

- Free fatty acid

12. Oil

-Oil content

13. Pro

- Protein content

14. Pro/Oil

- Ratio of protein to oil

15. Phy

- Phytin content

16. Phos

- Phosphorus content

17 . Phy/Phos - Ratio of phytin to phosphorus
18. EC

- Electrical conductivity

19. Density - Seed density
The results from the above laboratory tests were subsequently correlated with the following field perfonmance parameters:
1.

ERI -

Emergence rate index (a measure of the rate and
totality of emergence).

2.

EI-6- Establishment Index 6 weeks after planting (a
measure of the number of established plants present
six weeks after planting expressed as a percentage
of the total number of seeds planted).
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3.

OM -

Dry matter production

4.

LAI -

Leaf area index

5.

Lint yield

6.

Seed yield

7.

Turnout- Lint yield expressed as a percentage of total
material harvested (burrs, lint, and seed).

These field performance parameters represent early season
(ERI, EI-6), mid-season (OM, LAI), and late season (lint yield, seed
yield, and turnout) criteria. In general, the highest correlations of
the laboratory tests have been noted with the early season field
parameters.
The decrease in the correlations with the mid- and
late-season parameters is largely due to the host of environmental
conditions occurring during the season that tend to mask, to some
degree, the early season vigor differences .
Of the laborato ry tests evaluated, the W4C (warm germination
test counted after four days numerically added to the cool germination
test) has provided the most consistent estimate of vigor relative to
emergence (ERI) and stand establishment (EI-6). We have subsequently
labeled this test the "Cool-Warm Vigor Index . "
The Cool Warm Vigor Index (CWVI) provided good estimates of
the Emergence Rate Index (ERI) during both 1984 and 1985 (Figure 4) .
During both years, 12 cultivars were used and it may be noted that as
the CWVI increased a concomitant increase in the ERI was observed. The
same relationship was noted for the EI-6 during both years (Figure 5) .
An interesting observation was that for both parameters (ERI
and EI-6), the 1984 and 1985 regression lines were not superimposed on
each other. This was due to the more stressful environmental conditions encountered during 1984 which resulted in lower emergence rates
and establishment percentages. The fact that the regression lines for
each parameter were essentially parallel indicated that the CWVI test
was consistent across years in measuring vigor as evaluated by these
field parameters .
Cool Warm Vigor Index
As a result of these data, we have been recommending the CWVI
as a valid vigor test for cotton . The testing procedure is relatively
simple. It consists of the following steps:
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The emergence rate index as a function of
increasing cool warm vigor index values.
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1.

Conduct the cool germination test (640F, !SOC) and count
the number of normal seedlings greater than 1.5 inches
long after seven days .
(Refer to the Vigor Testing
Handbook published by the AOSA for further detail . )

2.

Conduct the standard warm germination test (alternating 68
and 860F for 16 and 8 hours, respectively) and count t he
number of normal seedlings greater than 1.5" long after
four days .

3.

Add the results of the two tests.

The following rating scale is currently being used:
CWVI

RATING

160+
140-159
120-139
<120

Excellent
Good
Fair
Poor

One note of caution needs to be added.
In some years ,
especially when local environmental conditions have been bad, the
"best" seeds harvested may only be in the good category with a large
percentage of the lots testing only fair or poor. This rating sca l e
is not intended to imply that seeds in the fair, or even poor category, should not be planted . It means that extra precautions should
be taken such as adjusting the planting rate, planting later (if time
permits) when the environmental conditions are more favorable for
germination and emergence, etc. Its intended use is to provide not
only absolute information about the seedlot, but also to allow the
relative ranking of seedlots so that intelligent decisions can be made
relative to the use of the seeds .
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DELINTING COTTONSEED WITH THE DILUTE SULFURIC ACID METHOD
E. R. Cabrera and A. H. Boydl
The dilute acid process for delinting cottonseeds, developed
by Cotton Incorporated, has been employed by numerous plants throughout the cotton belt . Seed quality problems thought to be associated
with heat and/or acid damage have periodically occurred.
In the dilute acid delinting process, gin-run cottonseeds are
wetted with a 10-15% solution of sulfuric acid by weight. The excess
solution is removed by a centrifuge and the seeds transferred to a
rotating drum where they are dried and delinted.
The objectives of this study were (1) to evaluate the effects
of delinting temperatures on germination of cottonseeds, and (2) to
determine optimum delinting temperatures .
A seed delinting unit was constructed similar to the one
described by Jones (1). A top loading clothes washer was utilized as
a centrifuge to remove excess sulfuric acid solution . An electric
clothes drier was used as the drying unit. The drier was slightly
modified by adding a more accurate thermocouple to control temperature. Angle iron baffles were attached to the inner surface of the
rotating drum to provide more friction.
In one study, gin- run seeds of "Stoneville 825" (ST-825) were
delinted using 12% and 15% sulfuric acid concentrations and five
different chamber-air temperatures. Drying times for each temperature
are shown in Table 1. The seeds were then cleaned with a fractionating aspirator and placed in open storage (no temperature or humidity
control) for six months . Sub-samples were removed and tested for
germination each month beginning two months after delinting .
In a second study, two high quality seedlots and one low
quality seedlot were wetted with 12% acid solution and delinted at
55oc, sooc and 65oc.
These temperatures were determined at the
exhaust of the drying drum. The drying time for each temperature is
shown in Table 2.
lAss i stant Agronomist, Seed Techno 1ogy Laboratory, and Professor of
Agronomy, respectively, Mississippi State University, Miss. State,
MS.
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Table 1.

Drying time for concentration and chamber-air temperature
treatments.
Temperature
(C)

Table 2.

Drying Time {min.}
15% Solution
12% Solution

50

45

45

60

40

40

70

35

35

80

25

22

85

20

18

Drying time for each temperature treatment.
Temperature
(C)

Drying Time
(min.)

55

35

60

35

65

25
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All delinted samples were neutralized with sodium bicarbonate,
and cleaned with a fractionating aspirator. Laboratory evaluations
using standard germination and tetrazolium tests were performed
immediately after delinting.
Temperature Effect
Chamber-air temperatures of sooc and 70°C did not adversely
affect seed germination (Table 3). Temperatures higher than 7ooc had
a detrimental effect on germination, even though shorter periods of
Germination
time were required to achieve adequate delinting.
percentage of seeds delinted at 5ooc was lower than seed delinted at
sooc and 70oc. The seeds delinted at 5ooc were never delinted to the
desired level and flowability was restricted. For this reason, the
aspirator did not adequately remove immature seeds.
Sulfuric Acid Concentration Effect
No significant difference was observed between standard
germination of cottonseeds delinted by 12% and 15% sulfuric acid
However, seeds
solution immediately after delinting (Figure 1).
delinted with the 15% acid solution showed a greater decrease of
germination during the six-month storage period. At delinting temperatures which resulted in acceptable germination levels, there was
no difference in time necessary for adequate delinting.
Seed temperature increased from about 30°C to near exhaust-air
temperature in about 15 minutes and stabilized at exhaust temperatures
for the remaining period, which was 10 to 20 minutes, depending on
delinting temperature (Figures 2-4).
Effects of Exhaust-air Temperature
The germination results of the three lots delinted at three
different exhaust-air temperatures as determined by the standard
germination and tetrazolium tests are given in Tables 4 and 5. The
germination of those samples delinted at 55oc and sooc was essentially
the same. However, when the exhaust-air temperature was raised to
65oc, the germination was lowered significantly (Figure 5).
The detrimental effect of the highest exhaust-air temperature
on the qua 1ity of the de 1i nted seeds can be best described by the
tetrazolium test results. The low vigor section of these samples was
always increased. The initial quality of the seeds to be delinted is
an important factor. Even though the germination of a 11 1ots was
lowered at about the same rate, the low quality seedlot suffered a
greater decrease i n vigor potential (Figure 6).
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Table 3.

Effect of chamber-air drying temperature on the germination
of dilute acid delinted cottonseeds.

Months in
Open Storage

50

60

Temperature (C)
70
80

85

---------------------%--------------------2

77.6 ab

84.5 a

82.0 a

64.6 b

47.6 c

3

75.9 a

82.8 a

79.8 a

54.1 b

47.7 c

4

79.3 a

78.1 a

80.4 a

54.2 b

41.5 b

5

64.6 b

78.5 a

79.3 a

55.6 b

37.6 c

6

77.4 a

68.3 a

74.8 a

42.8 b

32.2 c

Means in the same row not sharing a common letter differ significantly
at the 5% level as determined by DMRT.

103
~

t' O '.' :: :··

~I~

1(){J

100

..... ....

...

z

0

......
~50

'"

'-"

....
...
...
. ....
...

0
.....
'-

...........
. ..
.. .
..........
. ..

z

H

:I:
0::

w

(.;)

< 50
.....

;;:;

::;::

0::
...

....
.....
..
. .. .

(.;)

0

CO!':CE'KTRATION

CO~CE..'UMTION

5th :-:onth

'th i·:on th
100

100

'"'
N
z

0

H

!<50
z
.....

2
~

(.;)

..
......

'-"

......
. ..
.....
...
....
.......

50
<
z

z

0
....
1-

....
....
....
....

.....
~
'·'

(.;)

0

CONC£1\TR.ATION

CO:-lCENTRATION

6th 1·1onth
100

~
@§

[]...
z

0

H

!<50
z

H

2
w
(.;)

.... ......
. ....
....
..
..
...........
.....
CONCENTRATI ON

Figure 1.

Monthly germina t i on of cot tonseed follow in~ deli nt ing
with 12% and 15% s ul furic acid sol utions.

104

65

60

55

-

50

~
~

45

,,

u

'-'

::::>

/

/

/

I
I

I

;2

!i:
t.:J

---

I

f-

t.:J

/

,-- ---

.,.-------

/

EXHAUST AIR

I

40

n:~:PERATURE

I
I

f-

- - - - - SEED TDD'ERA TURE

I

I

35

I

I
I
I

30

I
I

25

20
0

5

10

IS

20

25

30

35

TIME (MINUTES)

Figure 2.

Exhaust-air and seed temperature curves for the SSC
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105

,

,
,,

;

.,----

I
I
I
I

,......

I

u

w
c:x:

:::::>
f-<

I

I
I

45

I
I

;2
w

E::
.<..

I
I

EXH.AUST AIR n:.'-:7f.RATURE

I

40

I

w
t-<

I

SEED TE.'-l?ERATt.:RE

I
I

I

35

I

I
I

30

25

20

I

0

5

JO

15

20

25

30

35

TIME (MINUTES)

Figure 3.

Exhaust-air and seed temperature curves for the 60C
exhaust-air temperature treatment.

106

, ......

.,

/

/
/

/
/

I

/

I
I
I

I
I

,.....
u

-

I
I

I

I
I
I

I
I

F.:\1i.AUST AIR TEXPERATURE

I
I

I

S t:E D T E.!'fP ERATll RE

I

I

I
I

35

I
I

I
I

30

25

0

5

10

15

20

25

Tl.ME (HlNUTES)

Figure 4.

Exhaust-air and seed temperature curves for the 65C
exhaust-air temperature treatment.

107

Table 4.

Germination of cottonseeds delinted at three different
exhaust-air temperatures as determined by the standard
germination test.

Temperature (C)

Germination %

55

83.7 a

60

83.3 a

65

78.8 b

Means not sharing a common letter differ significantly at the 5% level
as determined by DMRT.

Table 5.

Germination of cottonseeds delinted at three different
exhaust-air temperatures as determined by the tetrazol i urn
test.

Temperature (C)

Germination %

55

84.8 a

60

83.9 a

65

77.3 b

Means not sharing a common letter differ significantly at the 1% level
as determined by DMRT.

100

......
0

(X)

90

..

::::
.::::
...

80

:·:·

?..

"""
H
......
z

0

......

~
z
.....
~

llllll
..-:-:

50

........
..
..
1........
..........;......:l
....
.....:...;~..
........
..
....

"-l

u

30

2010-

0

J

Lot A

F1gure 5.

.".':":"
... J

.....••.·..'jJ

..-:.:,

!illll
:: :

~

!.....~.................
:·:·J
.;

~ •••• J

~··· J

.,,.
...
.....
~.....
:·:·j
.............,
..,.,,
-:·:.J

...
,','J

.·:·:~
....
....
.....•.·....
..
·.· .~
,','J

Lot B

............
..

(::

,.;..-:'l
1:-:-:

..
. ;. >i
...
....
~ :.:.
..
r''·
.....
..1.~ .........
•
l.•••••
•• 1

·:.:-:1
~

TE~U)ERATURE

~sse

D 60C
:·:·:1
.-•-.
65C

·.>

..
Lot C

Germ1nat1on of three cotton seeo lots delint ed at
three different temperatures, determ ined by the
standard germination t es t.

VlCOil I.EVEL

100

J

Lot

80

n n

60 -l

~

40 -l

t........
I.• •

20 -l
0

c

E:!

,----.,

L._j

........
~ ..
..........
~

60
'·0

........
........

20

55
60
65
TEHPERATURE (C)

Figure 6.

1:: ~

0

-l

Lot B

n

~

~

..........
.:..·.·:..
...
.......
............
.....
....

~
:::::
I·....
.:::::
....
:-:-:
..
·.·.·
·.·.·
..:::::
..
.........

55

oo

....
......

()5

TEHPERATURE (C)

~

HEDlUH

0

LOW

80

In

60

t,o

..........

HI Gil

Lot A

100 ~

n

r:J

20 -

() -

55

60

TE~ll' EHAT URE

65
(C)

Germ ination and vigor lev el of three cot t on seed lots del int ed ilt
three temperatures, as esti mated by the tetrazo l ium tes t.

1-'

0

1.0

110

Results of the standard germination test in the first study
indicated the following :
1.

Germination of seed samples delinted at chamber- air
temperatures as high as 7QOC was not significantly different from those delinted at lower temperatures .

2.

Chamber-a i r delinting temperatures above 70°C decreased
germination.

3.

Inadequate delinting occurred with the 5ooc chamber-air
temperature. Fl owabil ity of these seed samples was poor
and remova l of immature seeds with the fractionat i ng
aspirator was unsatisfactory.

4.

There was no significant difference in germinat i on between
samples delinted with 12% or 15% sulfuri c acid concentration.

In the second study, standard germination and tetrazolium
tests results suggested the fol l owing:
1.

Samples delinted by using exhaust-air temperatures of 55oc
and sooc germinated highest.

2.

Germination and vigor were lowered when the exhaust-air
temperature was raised to 65oc.

3.

The standard germination reduction for the low quality lot
was of about the same magnitude as for high vigor lots.
However, the vigor of the low quality lot was lowered more
than that of high quality lots, when estimated by the
tetrazolium tests.

4.

During delinting, seed temperature increased rapidly
during the first 15 minutes, becoming more stable for the
rest of the drying cycle .
Reference

Jones, J. K., et at. 1976 . Dilute sulfuric acid process for delinting cotton-p~nting seed . ASAE paper no. 74-3009.
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EFFECT OF ACID RESIDUE ON GERMINATION
AND VIGOR OF ACID DELINTED COTTONSEEDS
A. H. Boyd, E. R. Cabrera and Prasat Stonsaovapak1
Delinting cottonseeds with dilute sulfuric acid is one of the
primary methods used in the U.S. This process leaves an acid residue
on the seeds. Methods of determining acid residue are not uniform.
The effect of different leve l s of sulfuric acid residue on standard
germination and other quality tests has been established. During
i nvestigations of the effect of neutralization vs. non-neutralization
of cottonseeds delinted by the dilute sulfuric acid process (1, 6, 7),
it was obvious that there were different amounts or levels of acid on
the seeds and that seeds with high acid residues had lower standard
germination percentages.
Since there was no information available as to an acceptable
level of acid residue, and conmunications with cottonseed delinters
indicated no uniform procedure among them for determining acid residue
levels, this study was initiated to:
1.

Develop a procedure for determining sulfuric acid residue
on delinted cottonseeds; and

2.

Study the effect of different levels of sulfuric acid on
seed germination and vigor.

Seed delinting equipment was a modified clothes washer and
dryer as developed by Cotton Incorporated and modified as described by
Cabrera in the previous paper and McCarty et ~· (8).
A McGill rice huller was used to remove seedcoats from the
delinted cottonseeds when necessary.
A Beckman Model 76004 pH meter was used for all pH measurements. Standard 0.25N sodium hydroxide solution was used for titrations. A Blue MR humidity cabinet set at 42oc and 100% RH was used as
an accelerated aging chamber.
lprofessor of Agronomy, Assistant Agronomist, and Graduate Student,
respectively, Dept . of Agronomy , Miss. State University, Miss.
State, MS.
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Three 1ots of cottonseeds were used; one 1ot each of 'DES
422', 'DPL 61', and 'HAS 44 . '
Acid residue detenmination was conducted on 50 whole seeds, 10
seedcoats only, and 25 embryos of seeds without seedcoats . Fifty grams
of whole seeds, lOg of seedcoats and 25g of embryos were soaked for 5,
15, 30, 60, 120 and 180 minutes in distilled water, the water was
filtered off, checked for pH, then titrated to pH 7.
Effect of acid residue levels was i nvestigated on both high
vigor and low vigor seeds . Low vigor seeds were obtained by taking
one half of each high vigor sample and placing it in the accelerated
aging chamber at 42oc and 100% RH for 72 hours . After aging, the
seeds were dried with forced air for 24 hours. Different acid residue
levels were obtained by varying times for seeds soaked in the acid,
stirring, centrifuging or drying. Apparent residue levels were as
follows:
Level of acid
residue

Range of acid
residue {%}

I

0.00 - o.o52
0.20

II

0. 29

III

0. 30 - 0.39

IV

0.40 - 0.49

The following laboratory seed quality tests were perfonmed:
(1) standard genmination test, (2) cool genmination test, (3) accelerated aging test, and (4) tetrazolium test. All tests were perfonmed
as described by appropriate authorities (2, 3, 4, 5,) .

Detenmi nati on of Acid Residue
Regardless of level of acid, titration indicated different
levels of acid in the water for different soaking times (Figure 1) .
This should be expected since the seeds or seed parts were still in
contact with the acid and could still react with it. For this reason,
we do not know the exact amount of acid and wi 11 refer to results as
"apparent acid residue."
On whole seeds, the apparent acid residue increased rapidly
for the first 15 minutes, reached a maximum at 30 minutes, and
2Neutralized with sodium bicarbonate.
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declined slowly thereafter.
However,
differences among 15 to 60 minutes.

there were no significant

The maximum apparent acid residue for
obtained in 5 minutes and was proportionately
obvious because most of the acid residue was in
apparent consistently low acid residues detected
seeds without seedcoats also supports this view.

seedcoats only was
higher.
This was
the seedcoats. The
on embryos only or

Even though seedcoats only required the shortest soaking time
for maximum apparent acid residue, the whole seeds soaking time of 30
minutes was selected because of seedcoat removal and separation from
other seed parts was very time consuming.
The pH of the soak solution vs . the apparent acid residue
after 30 minutes was found to have the relationship, i n
y = 2.04 - 4.848 in X
where y = percentage of acid residue and X = pH of
soak solution . The R2 value was 0.977.

The following procedure was used to determine apparent acid
residue:
· 1.

Place 50 g of seeds in 100 ml distilled water.

2.

Let stand for 30 minutes.

3.

Decant and filter the soak solution through filter paper
in a glass funnel. Collect solution in a glass beaker of ·
more than 150 ml capacity.

4.

After the original soak solution has passed through the
filter, add an additional 50 ml distilled water to rinse
the seeds.

5.

Use the 150 ml (approximately) soak solution for determination of acid residue.

6.

Measure the pH of the soak solution with a pH meter .

7.

Estimate the acid residue from the regression line in
Figure 2.

Data on apparent acid residue were obtained by the above
procedures. It is important to realize that apparent acid residue
obtained by different soak times may be quite different .
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Effect of Apparent Acid Residue on laboratory Test Results
Levels of acid residue on the seeds affected germinability at
all vigor levels and kinds of tests. Low vigor seeds were affected
more by increasing levels of acid residue than were high vigor seeds.
The pattern of effect of different acid residue levels varied with the
severity of tests conducted on the seeds. The most severe test was
accelerated aging followed by standard germination, tetrazolium, and
cool germination.
In standard germination tests, percent germination of both low
and high vigor seeds was significantly reduced at 0.40-0.49% acid
residue as compared with 0.00-0.05% for neutralized seeds. Percent
germination was reduced as the level of acid residue on seeds increased. However, most of the tests showed no significant difference
between percent germination of neutra 1i zed seeds and the seeds with
0.20-0.29% acid residue.
At 0.30-0.39% acid residue, generally
percent germination of both the low and high vigor seeds was significantly reduced as compared with that of neutralized seeds. However, in
some cases, this level did not show significant reductions for high
vigor seeds. Reductions in germination percentage were caused by the
increase in abnormal seedlings due to acid burns accompanied by fungal
infection, not by an increase in dead seeds.
In low vigor seeds, · percent
tion and standard germination tests
acid residue increased. Acid burns
tion tests but fungal infection was

germination by both cool germinatended to decrease as the level of
were still found in cool germinaless.

After the seeds were subjected to accelerated aging, mo re
obvious reductions in germination were noted. For both high and low
vigor seeds, significant reductions of percent germination were noted
at each level of increased acid residue.
Acid burns and fungal
infection were observed to be more severe than in other tests. Low
vigor seeds were more adversely affected than high vigor seeds.
Tetrazolium tests were conducted in order to estimate the
potential germination and to observe damaged parts of the seeds. There
were similar reductions of percent germination to those of standard
germination tests but the degree of reduction was less as the level of
acid residue increased. In almost all cases, the tetrazolium tests
indicated a higher germination potential than was recorded in other
tests. This was especially noticeable at acid levels III and IV. Most
of the acid damage was observed on cotyledons and the tips of radicles.
In another study, the effects of acid concentration, neutralization vs. non-neutralization, and storability of neutralized vs.
non-neutralized seeds were compounded. Monthly germination results of
seeds delinted using 12% sulfuric acid and 15% sulfuric acid are
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presented in Figure 3. There were no differences in germination due
to acid concentration through 6 months in storage.
There was a difference in standard germination throughout the
6 months• storage period (Table 1). This difference was magnified as
time in storage increased. This demonstrates the need to neutra 1ize
the acid residue on cottonseeds. Neutralization becomes more important when the logistics of delinting of planting are considered in the
light of marginal seed quality. Often seeds from the mid-South,
southeast high plains, eastern and southern Texas are marginal in
germination to begin with, i.e., 80 to 85% standard germination is
common. Seeds are delinted in January, February and March for the
coming planting season.
These seeds are in storage from 2 to 5
months . A decrea se in standard germination of 5% or more during this
time due to ac id res i due could cause germination to be be low the 80%
level which i s the commonly accepted level of germination i n the
trade.
References
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Table 1.

Month

Effect of neutralization on the genmination of dilute acid
delinted cottonseeds .
Genmination {%}
Neutralized
Not-neutralized

2

72.4 a

68. 4 b

3

69.9 a

62.2 b

4

69.9 a

63.5 b

5

66.9 a

59.3 b

6

65.8 a

52.4 b

Means in the same row not sharing a common letter differ significantly
at 0.05% level of probability as detenmined by DMRT.
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EFFECTS OF ACID ON THE GERMINATION OF COTTONSEEDS
(Gossypium hirsutum, L.) DELINTED AT VARIOUS LEVELS
OF MOISTURE CONTENT AND PROCESS TEMPERATURE
F.B.F. de Souza, A.H. Boyd and G.B. Welchl
Gas-acid delinting, which involves brief exposure of seed to
HCl gas, has some advantages over other methods of delinting but can
cause problems with high moisture seeds and in humid climates where
the sulfuric acid method is preferred (3). Data, however, to provide
explanations as to why this occurs are limited, although producers
believe the idea that an interaction between seed moisture content and
hydrochloric gas is the major cause of the problems (7).
The overall objective of this study was to define conditions
associated with HCl delinting which caused seed damage and to suggest
how commercial-size operators could utilize the techniques. Specific
objectives were:
1.

To evaluate the influence of moisture content (me) upon
the quality of cottonseeds delinted by the acid gas
process.

2.

To determine the influence of the presence of HCl gas
during the high temperature phase of the delinting process
versus the effect of temperature alone.
Seed Material

One lot each of three cultivars of gin run seed was used for
experiment I, whereas two different lots of one cultivar were used for
experiment II .

lAgricultural Investigator III, EMBRAPA/SPSB Ministry of Agriculture Brazil, and former graduate student in Seed Technology;
Professor, Dept. of Agronomy; and Professor, Dept. of Agriculture
& Biological Engineering, respectively, Mississippi State University, Miss. State, MS.
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Special Equipment
I.

II.

A seed delinting unit (Figure 1), consisting of the fo l lowing
items, was built so as to simulate commercial plant (9) :
1.

10-gallon rotating metal drum with variable speed control
used as a reactor.

2.

Barbecue grill used to provide heat for the reactor.

3.

One hydrochloric acid tank.

4.

Gas flow meter kit .

5.

Pressure regulators and plastic tubing.

The neutralization chamber used was the same as described by
Hopper (23) (Figure 2).

III. Scrubber/lint collector.
A Hart-CarterR Laboratory Precision
Grader (Figure 3), fitted with a cardboard suet ion box and a
wet-dry vacuum cleaner controlled by a photograph; c timer, was
used to remove and collect the lint.
Gas Acid Delinting Procedures
A flow chart of the gas acid experiments is shown in Figure 4.
1.

Pre-heating phase - 15 minutes.
Experiment I Delinting seeds of different moisture
contents.
Samples of about
contents of 8, 10, 12
chamber. About 6 to
temperatures to reach
tained at that level
minutes.

1 kg of seeds each at moisture
and 14% were placed in the reaction
9 minutes were necessary for the
60C and the temperature was mainfor a total reaction time of 15

2.

Reaction phase - 10 minutes. After pre-heating, gas was
introduced into the reactor at about 4000/cc/min for 15
seconds.
The chamber was rotated and temperatures
maintained at SOC during the reaction phase.

3.

Purge phase - After the 10-minute reaction phase, the
reactor was stopped, the inlet valve opened , and the
chamber purged with pressurized air for about two minutes.
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4.

Finishing phase- The reactor was opened and the seeds
transferred to the scrubber/1 int collector.
The seeds
were tumbled in the apparatus for 10 minutes.

After delinting, the seeds were graded using hand screens and
an aspirator . The sample was then divided into two parts with one
ha lf going to the neutralization process . The seeds to be neutralized
were placed in the reaction chamber and subjected to a short burst
(about 5 seconds} of arrrnonia. The chamber was then purged with air
before the seeds were removed . After the del inting procedures were
completed, all samples were held at 10C and 50% R.H. for about one
week until quality tests were conducted.
Experiment I I - Effects of process temperature and moisture
content on seed quality. Procedures for this experiment were the same
with the following exceptions:
1.

500 g of seeds were used for each sample.

2.

60, 70 and SOC process temperatures were used.

3.

Tests were made at each moisture content and temperatures
with HCl gas in the chamber and with no HCl gas in the
chamber.

4.

No division of samples and all of the HCl treated samples
were neutrali zed.

Quality Tests
Acid residue was determined by the procedure recorrrnended by
Boyd and Stonsaovopak (3). Standard germination and Accelerated Aging
(AA} tests were made in accordance with the Association of Official
Seed Analysts 11 Rules for Testing Seed 11 (1) and Seed Vigor Testing
Handbook (2) respectively.
Experiment I
Moisture Content
Differences in germination percent of cottonseed of different
moisture content delinted at 60C were small (Table 1}. This was
surprising because corrrnercial operators expect to
have lower
germination with moisture contents over 10%. An important difference
in this experiment is the methodology as compared to corrrnercial
practices. This experiment was designed to measure differences due
to M. C. ~ se, with other factors isolated. The seeds were tempered
to the required moisture level, irrrnediately subjected to treatment,
and returned to storage (4C and 50% R.H.) for no more than 1 week

128

Table 1.

Effect of neutralization on genmination
delinted with hydrochloric acid .

of

cottonseed

Genmination {%}
Non-neutralized

Moisture

Neutralized

8

83.4a

76.2b

10

88.3a

84.3a

12

82.6a

75.5b

14

88.3a

78.4b

Means i n the same row not sharing a common letter di ffer signif i cantly
at the 5% level of probability as detenmined by DMRT.

/

129
before gennination tests were made. Those conditions are seldom
possible in a commercial delinting operation. Seeds arriving at a
commercial delinter at 12-14% M.C. in all probability have been stored
for some time at that moisture content and already decreased in
viability and vigor. Lower quality seeds do not survive any delinting
process as well as higher quality seeds as was demonstrated by both
Aung (3) and Boyd and Stonsaovapak (4) .
Other reasons for loss of gennination in commerical operations
may be related to time of exposure to process temperatures and/or the
effects of adding gas into the reaction chamber near the end of the
reaction to insure complete delenting. Hopper and Hinton (6) recommended delinting with 10 minutes exposure to gas and a temperature of
about 60C. Under high relative humidity conditions and/or with high
M.C. seed, delinting in this study was not adequate for a commercial
delinter. When delinter operators disregard those limits and resort to
leaving the seeds longer in the reactor, increasing the temperature,
injecting more gas, or a combination of all these actions, seed damage
is almost inevitable. These adjustments in the process are often done
to increase the capacity of the delinting facility or insure clean
delinting. Cabrera and Boyd (5) showed very clearly that only short
extensions of time at the process temperatures used had a devastating
effect on seed gennination.
Effect of Neutralization
Acid delinted seeds which had been neutralized had higher
gennination percentages than non-neutralized seeds (Table 1). Cabrera
(5), working with sulfuric acid delinting, noted that the non-neutralized seeds supported more mold growth than neutralized seeds even
though all seeds were treated with a fungicide. The l·ower gennination
percentage of non-neutralized HCl delinted seeds was apparently the
result of mold growth instead of pennanent damage caused by acid.
Effect of Acid Residue
Hydrochloric acid left on the seeds increased significantly as
moisture content increased. However, there was no difference in acid
residue on the seeds with hydrochloric acid+ammonia (Table 2).
Although acid concentration did not correlate with gennination loss at
the acid 1evel s studied, there were noticeable differences between
delinting with HCl versus previous experience with su lfu ric acid (3,
4, 5). Boyd and Stonsaovapak (4) showed that sulfuric acid remains
more in the seedcoat. Hydrochloric acid was more readily absorbed by
the internal parts of the seeds. An observation during the study was
that, when HCl concentration in the internal parts of the seeds
exceeded •05%, i nterna 1 seed parts exhibited a burned appearance;
whereas, seeds delinted with sulfuric acid in the previously-mentioned
study always had a nonnal color even at higher acid concentrations .
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Table 2.

Acid residue on the whole cottonseeds (percent of whole
sample) which were delinted at four moisture contents by two
different methods.

Moisture (%)

HCl

HCl+NH3

8

.0658

.OllA

10

.129AB

.027A

12

. 169A

.064A

14

.174A

.029A

Within each column , means not sharing a common letter differ significantly
at the 5% level of probability as determined by DRMT.
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Experiment II
Seed Moisture Content, Process Temperature and Exposure to HCl Gas
No attempt was made to study the effect on delinting or seed
qua 1 i ty of different amounts of gas used in the process. However, a
comparison between a normal amount (maximum .05% hydrochloric acid
residue before neutralization) and air only was made to determine
possible differences caused by HCl gas under the conditions studied
and on the long term viability of seeds by use of the accelerted aging
(AA) test. Seeds exposed to SOC in the presence of HCl germinated 58%
lower than those exposed to 60C in the presence of HCl. Seeds exposed
to air on ly at SOC were 21.8% lower than those in air only at 60C
(Table 3).
Si nee 10, 12 and 14% moisture seeds had simi 1ar responses,
their data were pooled giving two ranges: low M.C. seed - those below
8%, and high M.C. seeds - those above 10%. The prediction lines and
equations are presented in Figure 5 for seeds exposed to HCl and in
Figure 6 for those exposed to air only.
Seed viability was maintained near the same level at all
moisture contents for the lower temperatures in air and HCL. At each
moisture level, the higher the temperature, the greater the negative
effect on viability with a dramatically greater reduction in the
presence of HCl above 70C. Seeds at 8% moisture showed some reductions, but not as great as at the higher moisture levels.
Seeds
processed at 60C germinated at about the same 1evel s regardless of
M.C.
Swrmary
At the reaction time and temperature (10 minutes and 60C)
used, there was no decrease in germination in seeds with moisture
contents up to 14%. However, when seed moisture or RH was high,
commercially acceptable delinting could not be accomplished.
An
increase in moisture content resulted in an increase in acid absorption, but neutralization was effective under conditions of this study.
Hydrochloric acid penetrated easily to the internal parts of
the seeds while sulfuric acid as shown in previous studies concentrated on the seedcoat. Hydrochloric acid proved to be very harmful
when experimental mismanagement occurred.
Process temperatures proved to be the most damaging factor
studied. Seed samples delinted at 60C were always higher in germination than the ones delinted at 70C, and dramatically higher than those
delinted at SOC when moisture content was above 8%.
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Table 3.

Germination percentage of cottonseeds before and after accelerated aging, either exposed or not exposed to HCl at three
temperatures.
60

Germination
HCl

Air
Only

TemQerature {C}
70
Air
Only
HCl

80
HCl

Air
Only

Standard

87.9a 76.9a

82.6a 74.6a

29.9e 58.lcd

A.A.

62.7bc 55.6cd

47.6d 47.ld

15.6f 27.6ef

Means not sharing a corrmon letter differ significantly at the 5% level of
probabi l ity as determined by DMRT.
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From i nvestigations of the effect of moisture content and acid
residue on seed quality, we conclude:
1.

Germination percent was higher for neutralized seeds as
compared to non-neutralized seeds.

2.

The higher the seed moisture content, the greater the absorption of hydrochloric acid in both seedcoat and
embryo .

3.

Hydrochloric acid is absorbed by the internal parts of the
seeds more easily than sulfuric acid.

4.

At 60C and 10 mi nutes process t ime , mo isture content alone
is not a problem up to 14% moisture.

5.

At moisture contents of 10% and above, temperatures above
60C result in decreases in germination percent.

6.

In the presence of HCl gas , the effect of temperature is
much greater than when no gas is present.
References

1.

Anonymous. 1975. Cotton researchers develop new seed del i nting
process . Cotton Inc., Memphis, TN. Cotton News, May 1, 1975. 4
pp.

2.

Association of Offic ial Seed Analyst .
seeds . J . Seed Tech. 3:1-126.

3.

Delouche, J. C. and C. C. Baskin .
1973.
Accelerated aging
techniques for predicting the relative storability of seed lots .
Seed Sci. and Tech . 1: 427-452 .

4.

Ditme, W. P. (ed.).
1976. Cool germination test. The News
Letter of the Assoc. Off. Seed Anal. April, 1976. 50(2):27-30.

5.

Grabe, D. F. (ed.). 1970. Tetrazolium testing handbook for agricultural seeds. Contrib. No. 29. Assoc. Off. Seed Anal. 62 pp.

6.

Jones, J. K., G. M. Jividen, and G. A. Slater . 1977. Batch
delinting with dilute sulfuric acid. Cotton Inc . , Memphis, TN .
Agro-Industrial Rept. 4(1):1-11.

7.

Jones, J.K., and G. A. Slater. 1976. Dilute sulfuric acid cotton
planting and de11nt1ng process .
Cotton Inc., Memph i s, TN .
Agro-Industrial Rept. 3(I):1-26.

1978.

Rules for testing

136
8.

McCarty, J. C. Jr., L. Lambert, J . N. Jenkins, and w. L. Parrott.
1977. Delinting small samples of cottonseed with dilute sulfuric
acid. Crop Sci. 17:555-666.

137

REGISRATION LIST

ALABAMA

Bob Burdett
Alabama Crop Imp. Assoc.
South Donahue Drive
Auburn University, AL 36849
Kenneth Potts
Seed Cleaner
Rt. 2, Box 196
Newton, AL 36352
Allen Bragg
Bragg Farm
1180 Grimwood Road
Toney, AL 35773
ARIZONA
Henry A. Brubaker
Martor i Farms
P. 0. Box 128
Aguila, AZ 85320
Janie Wagner
Delta & Pine Land Company
P. 0. Box 1006
Casa Grande, AZ 85222
ARKANSAS
Greg Bassi
Coker's Pedigreed Seed Company
P. 0. Box 729
Bay, AR 72411
Wayman Holt
Coker's Pedigreed Seed Co.
P. 0. Box 729
Bay, AR 72411

Wayne Mannis
Meco Seed Company
P. 0. Box 509
DeWitt, AR 72042
David Luter
Carter-Cox Seeds, Inc.
P. 0. Box 26
Knobe l , AR 72435
John Ford
Holden-Conner Seed & Grain, Inc.
Rt. 2, Box 190
Newport, AR 72112
CALIFORNIA
JoAnn Fujii
Plant Genetics, Inc.
1930 - 50th Street
Davis, CA 95616
Mike Green
Basic Vegetable Products, Inc.
P. 0. Box 1071
Hanford, CA 93232
D. Stephen Dexter
Del Monte USA
Seed Operations
P. 0. Box 36
850 Thornton St.
San Leandro, CA 94577-0406
COLORADO
Dave Knudsen
Oliver Mfg. Co.
P. 0. Box 512
Rocky Ford, CO 81067

138
CONNECTICUT
Bahman (Bob) Azann
Consultant
160 North Street
Easton, CT 06425
FLORIDA
Mary Anne Borst
Soil Conservation Service, USDA
14119 Broad Street
Brooksville, FL 33512
Andrea Givens
UADA-ARS, STARS
P. 0. Box 246
Brooksville, FL 33512

Robert Karrfa 1t
National Tree Seed Lab.
Rt. 1, Box 182-B
Dry Branch , GA 31020
Ken Lewis
Pennington Seed Co .
P. 0. Box 290
Madison, GA 30650
IDAHO
Clayton Brown
ARISTOGENES
P. 0. Box 311
Panna, ID 83660
ILLINOIS

Clarence Maura
Soil Conservation Service, USDA
14119 Broad Street
Brooksville, FL 33512

John Goreth
Wyffels Hybrids, Inc.
P. 0. Box 246
Atkinson, IL 61235

GEORGIA

Jay Poulos
Wyffels Hybrids, Inc.
P. 0. Box 246
Atkinson, IL 61235

Terry Crane
Agronomy Dept.
University of GA
2425 S. Mi lledge Ave.
Athens , GA 30605
Terry Hollifield
Agronomy Dept.
University of GA
2425 S. Milledge Ave .
Athens, GA 30605
Johnny Luke
Agronomy Dept.
University of GA
2425 S. Milledge Ave.
Athens, GA 30605
Bill Wallace
Lewis M. Carter Mfg. Co., Inc.
P. 0. Box 428
Donalsonville, GA 31745

Don Lowenberg
Cargill Hybrid Seeds
R. R. 3, Box 751
Aurora, IL 60504
David L. Nelson
Cargill Hybrid Seeds
R. R. 3, Box 751
Aurora, IL 60504
Zeke Stanfield
203 N. Main Street
Bloomington, IL 61701
Timothy G. Snader
Seedburo Equipment Co.
1022 W. Jackson Blvd .
Chicago, IL 60607

139
Rasmus Juhl
2405 Praire
Mattoon, IL 61938
Francis Kwong
PansAmerican Seed Company
P. 0. Box 438
West Chicago, IL 60185
Vernon Shepherd
Thorp Seed Co.
R. R. 3, Box 257
Clinton, IL 61727
Carl E. Thorp
Thorp Seed Co .
R. R. 3, Box 257
Clinton, IL 61727
Harold S. Spencer
403 South East Street
P. 0. Box 202
Hudson, IL 61748
David Heavilin
NobleBear, Inc.
P. 0. Box 529
Gibson City, IL 60936
Mr. & Mrs . H. A. Stults
Stults Scientific Eng. Corp .
3313 S. 66 Freeway Hwy West
Springfield, IL 62703
Mr. & Mrs. Jim Colbrook
Asgrow Seed Co.
P. 0. Box 500
Stonington, IL 62567
Joe Lamb
IL Crop Imp. Assn .
508 S. Broadway
Urbana, IL 61801
INDIANA
Dave Ewald
Blount Agri/Industrial Corp.
P. 0. Box 256
Bluffton, IN 46714

Larry Tripp
Blount Agri/Industrial Corp.
P. 0. Box 256
Bluffton, IN 46714
Richard E. Helmuth
Helmuth Corporation
828 East 116th Street
Carmel, IN 46032
Perry A. Bohn
Asgrow Seed Company
Rt. 1, Box 22
Oxford, IN 47971
Gerald E. Hodges
Pioneer Hi-Bred Int•l, Inc.
1000 West Jefferson St.
Tipton, IN 46072
IOWA
Raymond Philpott
Corn States Hybrid Service, Inc.
2505 McKinley Ave.
Des Moines, IA 50321
KANSAS

Joe Harner
Kansas State University
Seaton Hall - 237
Ext. Ag. Engr.
Manhattan, KS 66506
Jack Pederson
Food &Grain Inst .
Shellenburger Hall
Kansas State University
Manhattan, KS 66506
Murland L. Taylor
Taylor Products Co., Inc.
R. R. 4, Box 296-A
Parsons, KS 67357

140
Ron Whittaker
Taylor Products Co., Inc.
R. R. 4, Box 296-A
Parsons, KS 67357

Gene Boyle
Boyle Bros. Inc .
Rt. 1, Box 96B
Queen Anne, MD 21657

KENTUCKY

MICHIGAN

Mike Stovall
Southern States Cooperative
Seed Plant
P. 0. Box 282
Franklin, KY 42134

Douglas P. Clark
Crippen Mfg. Co., Inc.
700 West End Street
Alma, MI 48801

LOUISIANA
Scott Rebsamen
Terral-Norris Seed Co.
P. 0. Box 826
Lake Providence, LA 71254
Derwood Delaney
LA Forest Seed Co., Inc.
Rt. 2, Box 123
Lecompte, LA 71346
John E. Delaney
LA Forest Seed Co . , Inc.
Rt. 2, Box 123
Lecompte, LA 71346
Mr. R. W. McPherson
R. w. McPherson &Assoc.
P. 0. Box 5011
Monroe, LA 71211

MINNESOTA
Thomas F. Rider
Northrup King Co.
P. 0. Box 959
Minneapolis, MN 55440
MISSISSIPPI
Bobby L. Horton
Big River Seed Co.
P. 0. Box 867
Cleveland , MS 38732
Darrell L. Knight
Northrup King Co.
P. 0. Box 2286
Columbus , MS 39704

MARYLAND

Brice Rogers
(Co-op Student)
Eifling Fanms Seed Co., In c.
Rt. 1, Box 285
Hollandale, MS 38748

Jed w. Fahey
Crop Genetics Inter•1.
7170 Standard Drive
Hanover, MD 21076

Phillip Lee
Custom Cleaning Service
102 Lilac Drive
Leland, MS 38756

Carl Boyle
Boyle Bros, Inc.
Rt. 1, Box 96B
Queen Anne, MD 21657

Dr. & Mrs. A. H. "Bill" Boyd
Agronomy Dept, MSU
P. 0. Box 5248
Miss. State, MS 39762

141
Ruth Matthews
Delta & Pine Land Company
P. 0. Box 157
Scott, MS 38772

Jerry Vann
Sikeston Seed Co., Inc.
P. 0. Box 24
Sikeston, MO 63801

Jean Tolliver
Delta & Pine Land Company
P. 0. Box 157
Scott, MS 38772

NEW MEXICO

Bob Fulgham
Wilbur Ellis
DBA Brayton Chemicals, Inc .
P. 0. Box 1416
Tupelo, MS 38802

MISSOURI
Mike Miller
Miller Seed Co., Inc.
P. 0. Box 364
Clinton, MO 64735
Richard A. Harris
MO Seed Imp. Assn.
P. 0. Box 852
3211 LeMone Ind . Blvd.
Columbia, MO 65205
Judy Lovelace
Lovelace Seeds, Inc.
Browns Mill Road
Elsberry, MO 63343
Rob Lovelace
Lovelace Seeds, Inc .
Browns Mill Road
Elsberry, MO 63343
Webb Wallace
Wallace Seed Farm
Box 255
Gideon, MO 63848
Denise McCarthy
Asgrow Seed Co .
P. o. Box 109
Matthews, MO 63867

Wi 11 iam L. Cox
Globe Grain & Seed Co . , Inc.
P. 0. Box 430
Anthony, NM 88021

NORTH DAKOTA
Earl G. Aune
USDA - Soil Conservation Service
P. 0. Box 1458
Bismark, NO 58502
Leroy A. Spilde
N.D. State University
P. 0. Box 5051
Fargo, NO 58012
Mark Anfinrud
Interstate Seed Co .
P. 0. Box 338
West Fargo, NO 58078

OHIO
Rich Rowland
Ohio Seed Imp. Assoc.
6150 Avery Rd . , Box 477
Dublin, OH 43017
Mr. & Mrs . Richard Ellis
Pioneer Hi-Bred Int'l, Inc.
15180 Henry Woods Road
P. 0. Box 308
Grand Rapids, OH 43522
Mr . &Mrs . Tom Hall
Pioneer Hi-Bred Int'l , Inc.
15180 Henry Woods Road
P. 0. Box 308
Grand Rapids, OH 43522

142
Alan Bensch
The Andersons
P. 0. Box 119
Maumee, OH 43537

Thomas E. Klein
Mercator Corp.
P. 0. Box 142
Reading, PA 19603

Charles Carr, Jr.
The Andersons
P. 0. Box 119
Maumee, OH 43537

Mr. & Mrs. Joseph J. Beebe
Farm Owner
R. R. 4, Box 226
Towanda, PA 18848

OKLAHOMA

TENNESSEE

Mr. & Mrs. Box Boling
Seminole Jr. Col l ege
P. 0. Box 351
Seminole, OK 74868

Nic Thomas
Gustafson
8271 Pina Valley
Genmantown, TN 38138

Mr. & Mrs. Kevin McKenna
Wheeler Brothers Grain Co., Inc.
P. 0. Box 29
Watonga, OK 73772

Dave Grinm
Asgrow Seed Company
5680 Gaywinds Ave.
Memphis, TN 38115

OREGON

Virgil Harden
Harden Processing Equip. Sales
P.O. Box 18880
2889 Southaire Division
Memphis, TN 38818

John Harding
Oregon State Univ.
29815 Peckenpaugh Road
Shedd, OR 97377
PENNSYLVANIA
Robert G. Maxwell
Agway Inc.
East Butler Seed Plant
P. 0. Box 129
East Butler, PA 16029
Leon E. Weber
Rodale Press, Inc.
R. R. 1, Box 323
Kutztown, PA 19530
Ronald H. Rickers
Hoffman Seeds, Inc.
144 Main Street
Landisville, PA 17538

Edd Sullivan
Consolidated Equip. Co., Inc.
P. o. Box 18585
Memphis, TN 38181-0585
TEXAS
Mike Dunaway
Farms of Texas Co.
P. 0. Box 1305
Alvin, TX 77512
Larry G. Haugen
Farms of Texas
P. 0. Box 1305
Alvin, TX 77512
Mr . &Mrs. Paul Wood
Wood Seed Co.
Rt. 2, Box 46
Bridgeport, TX 76026

143
Grey Johnson
CIBA-GEIGY
P. 0. Box 116984
Carrollton, TX 75011-6984

Daryl Zevely
Triumph Seed Co.
P. 0. Box 671
Ralls, TX 79357

Agustin Lopez-Herrera
P. 0. Box 1593
College Station, TX 77841

Robert L. Berwick
Douglass W. King Co.
P. 0. Box 200320
San Antonio, TX 78220

Kyle Rushing
Gustafson, Inc.
P. o. Box 660065
Dallas, TX 75266-0065
Tom Dawson
Valco Chemical Division
P. 0. Box 1310
Harlingen, TX 78551

VIRGINIA
Rusty Owen
Southern States Coop.
2600 Durham St.
Richmond, VA 23220
WISCONSIN

Ray Ullrich
Wil dSeed, Inc.
16810 Barker Springs, Suite 218
Houston, TX 77084

Quentin Shultz
Jacques Seed Co.
720 St. Croix St.
Prescott, WI 54021

James Alderson
USDA, SCS
Plant Materials Center
RR #1, Box 155
Knox City, TX 79529

WYOMING

Craig Forbis
Summit Seed Co., Inc.
P. 0. Box 10121
Lubbock, TX 79408

Roger Hybner
Sheridan R&E Center
University of Wyoming
663 Wyarno Road
Sheridan, WY 82801
CANADA

Norman Hopper
Texas Tech . Univers i ty
Lubbock, TX 79409

Mr. & Mrs. Murray Holland
Funk Seeds
R. R. #3
Cottam, Ontario NOR 1BO

Gary L. Bill ups
Gustafson, Inc.
1400 Preston Road, Suite 400
Plano, TX 75075

Bi 11 Myles
Funk Seeds
R. R. #3
Cottam, Ontario NOR 1BO

Bobby Hendrix
Gustafson, Inc.
1400 Preston Road, Suite 400
Plano, TX 75075

144

COSTA RICA
Timothy Burk Meinershagen
AgriGenetics Corp .
Box 493
Centro Colon 1007
San Jose, Costa Rica
MEXICO
Francisco Berna l
Northrup King Co., C.A.
APDO . Postal No. 701
81200 Los Mochis,
Sinaloa, MEXICO
Sergio Davila
Northrup King Co., C. A.
APDO. Postal No . 1-3246
44100 Guadalajara
Jal1sco, MEXICO

